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CHAPTER 1|
INTRODUCTION

1-1. PURPOSE OF EQUIPMENT (Figure 1-1)

1-1,1, The MEC Model 72 Data Receiver accepts four channels of data which have been
transmitted over telephone voice lines intwo pairs, with time displacement, by MEC Models
70 and 71 Data Transmitters, Mis;alignment of the data is done in order to lessen the possi-
bility of external noise affecting all data channels in a like fashion once it leaves the source.
The Receiver aligns the time displaced data and suppiies it to two IBM Data Cuommunication

ime Channels (RTC),
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1-1.2, The only restriction placed upon the data format by the Receiver is the require-
ment of Start of Word (SOW) and End of Word (EOW) respectively, before and after each mes-
sage. The length of the message is limited only by the equipment receiving the data from the
Receiver, provided the data consists of an integral number of 8 bits. The data enters the Re-
ceiver in serial form, is aligned and converted into parallel groups of 8 bits, and is sent out

in a form complying with the input levels required by the DCC,

1-2, SCOPE OF MANUAL

This instruction manual describes the MEC (Milgo Electronic Corporation) Model 72
Data Receiver, designed and manufactured by Milgo Electronic Corporation, for International
Business Machines, Federal Systems Division, Kingston, New York, in conjunction with

Project Mercury.
1-3. PURPOSE OF MANUAL

1-3.1., This instruction manual is provided as an aid to better understanding the operation,
and theory behind the MEC Model 72 Data Receiver, and its associated equipment, It offers a
complete technical explanation coupled with applicable illustrations, with an estimation of the

interest and questions of the qualified technician,

1-3.2, It is strongly ufged that the operator, or any person involved in the operation of

this equipment, thoroughly read and fully understand the contents of this manual.

1-1
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CHAPTER I
GENERAL DESCRIPTION

2-1, GENERAL

2-1.1, The MEC Model 72 Data Receiver receives data with a time displacement of
not more than 16 milliseconds, It aligns this data internally before sending it to the DCC,
The outputs of the Receiver consist of 8 lines to each DCC, divided into four pairs (one
pair per Output Register): a sample line, an EOW line, and a ground reference to each of

the two subchannels of each DCC,

2-1.2, The Data Receiver contains four individual receivers combined into tweo
"receiver pairs" operating independently, Each receiver pair receives and aligns two
channels of data which originate from a single source, one channel having been time dig-

placed with respect to the other,

2~2, PHYSICAL DESCRIPTION (Figure 2-1)

The Model 72 Data Receiver is housed in a standard rack approximately 74-1/8 inches
high, 24 inches wide, and 22 inches deep. Its weight is approximately 660 pounds., All
chassis are of modular construction and employ 50 pin connectors to effect the connection
of each chassis to rack wiring., All chassis of a particular type are interchangeable, and
they are keyed, making it impossible for insertion into an incorrect rack position. Rack

chassis are locked in place by a single screw type locking handle,

2-3, INPUTS

The Data Receiver accepts modulated tone bursts of approximately 2 kc at a 1 ke
repetition rate from voice channels on balanced or unbalanced 600 ohm communication
lines, equalized for a 1 kc data bit rate. Data consists of 0.5 millisecond bursts SOW a
2.5 millisecond burst; and EOW, a 4.5 millisecond burst. Input signal requirements are
from -30 dbm to +10 dbm. Minimum signal to noise ratio is in the order of 3:1 in the band

pass range., Outside this band pass range attenuation should be at least 20 db per octave,
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The Data Receiver requires 120 vac single phase at approximately 8 amperes as power

inputs.

2-4, OUTPUTS

2-4,1. Each of the four Output Registers has eight data outputs connected to each
DCC for a total of 64 data line outputs, Each Control Chassis has a sample and EOW line
to each subchannel of a DCC., Therefore, the total number of outputs is 64 data lines, 4
sample lines, and 4 EOW lines. There are also provisions for signal ground reference to

each DCC subchannel,.

2-4,2, When the Buffer Chagsis have heen properly set, via switch S401 on the front
panel, all data should appear at the outputs of a given pair of Output Registers within one
millisecond of each other. The associated sample pulse should occur approximately 5.5

milliseconds later. If EOW occurs, it will do so between the data and sample pulse,

2-4,3, Input signals to the DCC are as follows:

A binary l is 0 volts +0.5 volts
A binary 0 is -10 volts nominal or from -6 to -12 volts.

Data and EOW outputs are levels. Sample pulse is a 10 microsecond pulse,

The outputs are tabulated in the lower left hand corner of Figure 9-10 showing

the correlation of Receiver outputs to DCC inputs.
NOTE

Discussions concerning Power Supplies, Transistor
Networks and Magnetic Cores will be found in the

Appendix of this Manual,

2-3
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CHAPTER Il

THEORY OF OPERATION

3-1. GENERAL (Figure 9-1)

3-1.1. The Model 72 Data Receiver contains four individual receivers, and since they
are used in groups of two to receive data from each of two sources, it is convenient to refer

to the receivers as receiver pairs.

3-1.2. Data entering the Data Line Amplifier, #lA, proceeds to the Timing Logic #1A,
Buffer #1A, Control A, and Output Register #1A before being shifted out io the DCC. These
designations\are shown in Figure 2-1. The companion data will follow suit in chassis numbered
1B, and the same is true of the remaining half of the rack, It is important to note that each half
of a pair is wired from separate Power Supplies. Power Supply A supplies those chassis desig-
nated A and Power Supply B those designated B. Although each of the two receiver pairs re-
ceives data on two separate lines from'a single source, the data on one of these lines may be
delayed with respect to the other up to 16 milliseconds. This is done to insure that noise which
disturbs data on one transmission line will not disturb the identical data being sent over another
line. Each receiver pair is jointly powered by two Model 165-4C Power Supplies. The con-
nection is such that failure of either Power Supply would only cause loss to half of a receiver

pair, enabling the other half to operate satisfactorily,

' 3-1. 3. Operate Mode - Data enters the Data Liine Amplifiers in the form ofé kc tone bursts,
These tone bursts are sepai‘ated into SOW pulses, dafa pulses; aﬁd EOW pulses. The output
data line from the Data Line Amplifiers will contain pulses for both SOW and EOW, and the
SOW line will have a pulse for EOW, As information is detected by the duration of a tone bur§t,

EOW, for example, first resembles data, then SOW, before being recognized as EOW,

3-1.3,1.. Assume a Data Line Amplifier has received a delayed EOW from a previous
message. This action resets the 8:1 counter gate, flip-flop N606, in the Timing Logic Chassis,
preparing it for a delayed SOW pulse. SOW is recognized by the Data Line Amplifier and in- -
serted into the Buffer Chassis. Data follows the SOW pulse into the Buffer, the first bit follow-
ing SOW by 2 milliseconds, SOW leaves the Buffer Chassis within 500 microseconds to 17.5
milliseconds after it enters, depending on the preset buffer delay. Delayed SOW sets the 8:1

3-1
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counter gate allowing the 8:1 counter to count clock pulses following reset, which occurs as
the 8:1 counter gate is reset. The 8:1 counter gate is divided into three stages consisting of

flip-flops N603, N607 and N608 respectively.*

3-1.3.2, When SOW leaves the Buffer, the first data bit is shifted into the 1st bit of
an 8 bit shift register (cores M502 through M509) in the Output Registgr Chassis, Following
this action by 500 microseconds; the 8:1 counter counts to 1. Shift pulsesl(at 1 ke) continue
to shift the data; each shift followed 500 microseconds later by the counter, When the lst data
bit is shifted into the 8th core of the Output Register, it s followed by a count of 8. Thisbrings
up the shift register gate level for one count, allowing the next shift pulse to read data out of
the 8 cores in the Output Register into the storage flip-flops, N502 through N517, (The next
8 bit data word will not occur for another 8 milliseconds). If EOW, associated with the last
8 bits of data, occurs, it will leave the Buffer 5 milliseconds after the last data bit., The sam-
ple pulse will not be generated until approximately 6 milliseconds after the last data bit has
occurred at the output of the Buffer. This allows the EOW flip-flops N308 in the Control Chas-
sis to be set, if EOW occurs, before a sample pulse is generated. When EOW leaves the Buffer,
it resets the 8:1 counter gate thereby inhibiting further sample or gating pulses, When addi-
tional data in the form of artificial "1's" appears on the data line following EOW, it is shifted
through the Buffer, but is never gated into the Output Register flip-flops.

3-1.3.3, There are two flip-flops driven from each core in the Output Register to
provide isolation and independent operation to the DCC's. In the event of failure in one section
of the flip-flops, the remaining half will continue to furnish correct information to the DCC to
which it is connected. The flip-flops are not reset until the 8th count of the 8:1 counter, which
occurs 500 microseconds before new data is to be read in. This allows visual observation of

the last word sent to the DCC, provided there is a sufficient time lapse between EOW and SOW

outputs,

3-1.3.4, As already mentioned, data coming from a single source enters two indi-
vidual Data Line Amplifiers via two separate lines with the data displaced in time. This data
is re-aligned in the Buffer Chassis to the nearest half-millisecond, by delaying the leading
date up to 16 milliseconds with respect to data on the trailing channel, As the data enters the
Output Register, it is stored until one of the Timing Logic Chassis indicates that a sample
pulse should occur by the 8th count of the 8:1 counter. The Control Chassis acts upon the first
sample pulse request from either Timing Logic Chassis, and generates sample pulses to the
sub-channel #1 or #2 of both DCC's after a delay of approximately 5.5 milliseconds. (Figure

9-2 illustrates the various connections of the Receiver to the DCC's.) A sample monitor circuit -

*All discussions concerning Transistor Networks will be found in the Appendix of this manual,

3-2
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in the Control Chassis monitors the output of the sample pulse circuitry, and will switch to
redundant circuitry should sample pulses at the output cease to occur at regular intervals
during the period between delayed SOW and delayed EOW, The occurrence of this condition
illuminates the SAMPLE MONITOR indicator 1302, ‘on fhe front panel of the Control Chassis
as a warning to operating personnel. The sample monitor is latching and must be reset by
pressing the RESET pushbutton S310, to return it to its original monitoring state, Redundant
circuitry is also provided for EOW, with a monitor circuit which switches to the redundant
circuitry upon failure of the EOW pulse to occur at ‘the output, The E.O.W, MONITOR indicator

1301 is illuminated when redundant circuitry is in use.

3-1,3.5, Sample pulse and EOW must be generated from either receiver of a pair,
This requires ""OR" gating of the signals to produce a proper output. Without the monitoring
circuitry with standby independent sample and EOW circuitry, a single failure in the "OR"

gate could cause complete loss of data on both receivers of a pair.

3-1.4, Test Mode - The test switch, S302, labeled TEST PATTERN on thé Control
Chassis, has five positions: four producing automatic data patterns and the fiith for manual
insertion of data. The four automatic patterns are: 'l's, '0's, " alternating '""1's'" and "0's, "
and alternating "0's' and "1's.'" In the manual position there are two pushbuttons, S304 and
5301, labeled SHIFT, ONE and ZERO, which will insert a '""0" or '"1" in any desired sequence,
Also under manual conditions, SOW and EOW pulses may be generated by pushbuttons S305 and
S306, to put the system in and out of the operating mode. (Operating mode refers to the sys-~

tem's requirement for SOW before it will produce outputs to the DCC),

3-1.4.1. To start automatic generation of data in the test mode, it is necessary to
switch the OPERATE TEST switch, S303, from the operate to the test position, This acti-
vates the 1 kc free running multivibrator (FRMV) which generates clock and data functions,
and the one-shots which generate SOW and EOW. In the test mode, both Buffers of a pair of
receivers should be set for the same delay via switch S401. To operate in the manual position,
the system should be cleared by a manual EOW, followed by manual shifts until EOW is shifted
out of the Buffer. This is dependent upon the setting of the Buffer Chassis. It is rec.ommend_ed
that a '"0'" delay be used on the MILLISECONDS DELAY switch to reduce the number of push-
button operations required. When EOW leaves the Buffer, the EOW indicators, DS301 and
DS302, on the Control Chass'is will light, and the SOW indicators, DS303 and DS304 will be
extinguished. To insert a desired data pattern, it is then necessary to press the SOW button
followed by a shift button. The operator may now insert any desired pattern of "1's'" or "0's, "
(SOW indicators will illuminate and EOW indicators will be extinguished after the first bit of
data is entered). Visual indication is ﬁrovided as the bits appear on the Output Register indi-
cators indicating the status of the lines to the DCC. It should be remembered, while inserting

data, that the first 8 bits will not appear on the Output Register indicators until 9 bits have been

3-3
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entered which is coincident with the first 8 bits entering in the Output Register flip-flops.

3-1.4.2. Each Output Register Chassis is designed to send identical data to two
DCC's and the light patterns in the A and B row of each Output Register Chassis should be
identical.

3-1.4.3. Inthe test mode (with the Buffers set for identical delays) the four rows
of indicators on the Output Registers of a receiver pair should all have an identical pattern,

A description of the test circuitry can be found under paragraph 3.3,1.,, Control Chassis.
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3-2. DATA LINE AMPLIFIER, MEC MODEL 71-8A (See Appendix)

3-2.1. Data on all four channels entering the Model 72 Data Receiver initially enters
the Data Line Amplifiers. The Data Line Amplifiers separate the incoming 2 kc tone bursts
into SOW pulses, data pulses, and EOW pulses, The output data line will contain pulses for
both SOW and EOW, and the SOW line will have a pulse for EOW, SOW entry is a 2.5 milli-
second burst, Data a 0,5 millisecond burst, and EOW a 4.5 millisecond burst,

3-2,2. A detailed description of the MEC Model 71-8A Data Line Amplifier may be
found in the Appendix of this manual.
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3-3, CONTROL CHASSIS, MEC MODEL 72-3A (Figures 3-1, 9-6 and 9-7)

The Control Chassis contains the circuitry required for test operation, the sample
pulse and EOW circuitry, and the monitoring circuitry for the sample pulses and EOW

levels,

3-3.1. Test Circuitry - The clock for test mode (See Figure 9-6, Sheet 1) is derived
from a 1 kc free running multivibrator (FRMV), N302. This circuit is inhibited during the
operate mode by connecting pin 2 through a 10K resistor, R305, to +12 volts. The fre-
quency of this multivibrator may be adjusted by potentiometer R307. The frequency will
vary slightly with varying data patterns; however, this adjustment is not critical, An
emitter follower N321 isolates the FRMV from the test circuitry. Its output, pin 3, is
connected to clock and data inputs through test switches for a data pattern of all "1's",
For a data pattern of all ""0's" the output of N321 is connected to clock inputs only, For
alternate "1's' and "0's" and "0's'" and ''1's", flip-flop N303 is used for data, and N321 is
used for clock. (Switch positions for various test modes are shown in Figure 9-6, Sheetl.)
Operating on 1 ke from N321, the Control Chassis produces a 500 cycle waveform which
inserts a "1" on the data line for every other clock pulse. The correct pattern is obtained
by synchronizing SOW with one of the outputs (pin 8 of N303), The sequence is as follows:
the rising edge at pin 7 of one -shot N306 triggers flip-flop N304 at pin 6, causing pin 8 to
go to 0 volts. This allows the next positive going edge from pin 8 of N303 to trigger flip-
fiop N304 at pin 7. The output of N304, pin 5 now goes to 0 volts and generates a SOW
pulse that is synchronized with the output at pin 8 of N303. After 200 milliseconds, pin 5
of N306, a 200 millisecond one-shot, goes positive and triggers one-shot N305. Pin 7 of
N305 goes positive at this time and triggers flip-flop N322 at pin 6, causing pin 5 to go
negative. On the next positive going pulse from pin 8 of N303, N322 is triggered at pin 7,
the output at pin 5 goes positive, and sends the EOW pulse to the Buffer.

3-3,1.1. In the manual mode, SOW, EOW, and SHIFT ZERO are generated by
pushbuttons 5305, S306 and S301 respectively. SHIFT ONE is obtained from a 500 micro-
second one-shot, N30l, when triggered by pushbutton S304. The positive going leading
edge of the output pulse from pin 7 of one-shot N301 triggers the data one-shot N613, in
‘the Timing Liogic Chassis. The output of N301 at pin 5 is used to generate a clock pulse

to the Schmitt trigger in the Timing Logic Chassis, which produces a shift,

3-3.2. EOW Circuitry - (Figure 9-6, Sheet 2), Pins 15 and 16 of P30l are inputs
from the EOW shift registers in the Buffer Chassis of one receiver pair, Each EOW input
is connected to pin 3 of a 4 millisecond one-shot, N307 and N308 respectively. The posi-
tive going output at pin 7 of the one-shots is the output of an internal emitter follower. In
this fashion, there is effectively a stage of isolation on each output line., The negative
going output at pin 5 of N307 and N308 drives an amplifier, N309A and N309B respectively,

The amplifier outputs are positive-going pulses similar to the pin 7 output of one-shots

3-7
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N307 and N308. Only one of the two pairs (N307 and N309A or N308 and N309B} is connected ’
to the output terminals, pins 32 and 33 of P30l, at any one time, This is dependent upon

the EOW monitor circuit and relay K301, This relay is normally energized and N307 and
N309A are connected to the output terminals, pins 32 and 33 of P301l. (See Figure 9-5 for

EOW waveforms. )

3-3.2.1, When an EOW pulse occurs at the output of either Buffer of a receiver
pair, in addition to driving the EOW one-shots, the first pulse to occur at pin 15 or 16 of
P301 will trigger relay driver flip-flop N310 on pin 6 or 7 respectively, in a manner that
will de-energize relay K301, If EOW circuits N307 and N309A are operational, a pulse will
occur at pin 4 of amplifier N309A which will trigger one-shot N323 at pin 3. After one milli-
second, pin 5 of one-shot N323 will go positive, triggering flip-flop N310 at pin 3, and re-
storing the energized condition of relay K301, The 100ufd capacitor C324 is used to hold
in the relay during the time flip-flop N310 is off. If failure of N307 or N309A occurs, flip-
flop N310 will not receive a pulse at pin 3, and relay K301 will drop out as capacitor C324
discharges. Should the Buffer Chassis be set so the EOW pulses occur further apart than
the delay of one-shot N323 (approximately one millisecond), flip-flop N310 will be triggered
off by the latter of the two EOW pulses and will not be restored until the system goes through
a sequence of SOW and EOW which will again trigger one-shot N323, It is for this reason

that the Buffer Chassis must be set for identical delays in test mode.

3-3.2.2. When relay K301 is de-energized, redundant EOW circuitry, N308 and
N309B, is connected to the EOW output lines to the DCC through capacitor C322. This con-
dition is visually indicated on the front panel of the Control Chassis with the monitor switch
5308 in the AUTO position by the E. O. W, MONITOR indicator 130! being lit. Should EOW
signals or the monitor circuitry for some reason become intermittent, and the relay drops
in and out continually, it is possible to manually override the monitor circuit and lock in
either A or B EOW output circuitry with the EOW monitor switch $308. Position A directly
applies -20 volts to the relay coil and disconnects flip-flop N310. This connects the A EOW
circuits, N307 and N309A, to the output lines. In this position, the indicator is activated
through the switch contacts. When in position B, 0 volts is placed across the relay and the
B EOW circuits N308 and N309B are connected to the DCC's. In this position, power is con-
nected to the indicator through the relay contacts 9 and 14, indicating to the operator that
the switch is not in AUTO and manual override is in use. The indicator has two purposes,
In AUTO position it indicates the status of the relay (which circuitry is in use). In A or B,
the indicator is intended to relate the fact that the monitor is in a manual position, and the

switch position indicates which circuitry is in use,




SWITCH POSITION MONITOR INDICATOR
A Off -Abnormal
A On-Normal
AUTO Off-Normal
AUTO On-Normal
B Off -Abnormal
B On-Normal
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SYSTEM INDICATION
Failure of Lamp, Switch

A Circuitry connected to output

A Circuitry connected to output

B Circuitry connected to output

Failure of Lamp, Switch or Relay

B Circuitry connected to output

3-3.2.3, Testing of the EOW monitor is accomplished by setting EOW Monitor

switch S308 in AUTO and opening the connection between N309A and N310 with pushbutton

S307. When the pushbutton S307 is pressed, flip-flop N310 does not receive a pulse from

one-shot N323 and is not re-set, The relay drops out and indicator 1301 provides visual

indication on the front control panel of the circuit status by lighting. Neon indicators DS301

1303 1302

! SHIF

yye—

s3ol $306

S305 S$304

1301

S308

S3ll

DS304
DS303

DS302

DS 30l

Figure 3-1, Control Chassis
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and DS302 provide visual indication of EOW levels being sent to the DCC., If the A EOW
circuitry is connected to the output, that is, when outputs from pin 7 of N307 and pin 4 of
N309A signify EOW (at 0 volts), the neon indicators are lit. If the B circuitry is connected
to the output lines, the EOW indicators indicate the status of N308 and N309B on outputs to
the DCC. The connection of these indicators to the output lines are made through two 6, 8K
resistors, R335 and R336. The outputs to the DCC for the EOW levels are identical to
those of the data levels in the Output Register. A description of these circuits is found
under paragraph 3-5,2,

3-3.3. Sample Pulse Circuitry (Figure 9-6, Sheet 2) - Input pins 10 and 11 of P301
receive pulses fromthe sample pulse gates, one from each Timing Logic Chassis of a
receiver pair. The input from pin 10 is connected to two isolating diodes CR309 and CR315,
The input from pin 11 is similarly connected to diodes CR308 and CR316. The two inputs
are then gated in two separate resistor-capacitor networks. Since they are identical, only
one will be described. Resistors R337 and R339 provide a return path for capacitors C325
and C326 respectively, when diodes CR308 and CR309 are cut off. When one-shot N311 is
in the steady state condition, its output at pin 5 is at 0 volts. Resistors R340 and R338
form a voltage divider which places the junction at about -2 volts; the voltage at pin 6 of
N311 is approximately -, 3 volts, thus keeping diode CR310 cut off. A positive pulse to
either C325 or C326 causes CR310 to conduct, and triggers one-shot N311, Pin 5 of the
one-shot then goes to -20 volts, biasing CR310 at -20 volts. As the input pulses to the
gating circuit are slightly less than 20 volts, a pulse occurring before the one-shot time
has completed will not affect its time constant. Upon receipt of the first sample request
pulse from either A or B sample pulse gates, N311, a 5 millisecond one-shot, provides a
delay, the duration of which allows the EOW pulse to occur. The EOW pulse will occur 5
milliseconds after the last data bit of a message. When N311 completes its time delay, its
output triggers N312, a 10 microsecond one-shot. N312 in turn drives two emitter follow-
ers N313A and N313B, whose outputs, pins 3 and 6 respectively, are connected to normally

open contacts 8 and 10 of relay K302,
NOTE

In referring to relay contacts the term ""normally open"
implies the condition of the contacts when the relay is de-
energized. This is a descriptive usage only, as the relay under

discussion may be energized under normal operating circum-
stances,

When this relay is energized, causing the contacts to close, these outputs are connected to
pins 26 and 28 of P30l which are sample pulse lines to the DCC. (See Figure 9-5 for sample

pulse waveform.) Redundant circuitry for generating sample pulses is connected to normally
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closed contacts 1 and 9 of relay K302, This circuitry parallels the operation just described.
It consists of N318, N319 and N320A and B.

3-3.3.1. The sample pulse monitor circuitry i$ composed of N314, N315A, N315B,
N316 and N317, N315A is an amplifier controlled by the 8:1 counter gate in the Timing Logic
Chassis. Its output at pin 4 is approximately +10 volts when its input at pin 2 is negative
during the period betwéen EOW and SOW, This output holds the input of one-shot N316, pin 6,
positive, via timing capacitors C330 and C342, thereby keeping the output, pin 5 at -20 volts,
At the departure of SOW from 'the Buffer, the input of N315A goes to 0 volts and the output
goes to -20 volts, therefore, N316 is dependent upon pulse amplifier N315B to keep its input,
pin 6, positive by holding the timing capacitor positive, FEach time a sample pulse appears
at the output of N313B, it triggers N314, a 5 millisecond one-shot, at pin 3, This one-shot
drives pulse amplifier N315B at pin 7, continually charging the timing capacitors of N316
each time a sample pulse occurs. As long as the sample pulses continue, the timing capacitors
are recharged, prohibiting a positive pulse at the output (pin 5) of N316. Should sample pulses
fail to occur, one-shot N316 will complete its time delay, triggering flip-flop N317, which in
turn removes power from relay K302. As a result, the sample pulse outputs to the DCC are
switched from N313A and B to N320A and B. At the same time the relay drops out, the red
SAMPLE MONITOR indicator on the Control Chassis lights, indicating the status of the relay,
Facilities for testing the sample monitor are provided on the front panel of the Control Chassis.
The pushbutton TEST switch $S309 interrupts sample pulses to the sample monitor. When
pulses fail to reach N314, flip-flop N317 is triggered, and the relay drops out, N317 must
then be manually reset with pushbutton S310,

3-3.3.2., For both the sample monitor and the EOW monitor, there are provisions
on the Control Chassis for overriding the automatic operation of the monitor circuit. In the
A position, the relays of the monitor circuits are energized; in the B position, they are de-
energized. In either of the manual positions the indicator lights are lit. Should Power Supply
A fail, the relays of the monitor circuits in the Control Chassis A would lose power. When
they drop out, however, they are connected to the circuits operating off the B supply. The
same situation exists in Control Chassis B if Power Supply B fails. Failure of either supply

with monitors in AUTO will not cause permanent loss of sample or EOW outputs to the DCC,

3-3.3.3, There are two neon indicators, provided on the front panel of the Control
Chassis, indicating the status of the 8:1 counter gate flip-flops in the Timing Logic Chassis
which receives the SOW pulses and EOW pulses from the Buffer. These indicators are nor-
mally lit between SOW and EOW pulses from the Buffer Chassis, Data entering the system,
such as artificial ''1's', used for maintaining proper oscillator frequency during periods of
data absence, will not generate sample or gating pulses within the system when the lights in-

dicate the flip-flop is now in the EOW state, The EOW indicators represent the status of the
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two EOW lines to the A and B DCC's, The status of the EOW monitor relay determines which
circuits are connected to the lines, The EOW indicators are normally lit when the SOW in-
dicators are off,

3-3.3,4, In the manual operation, the SOW indicators will light as a SOW pulse
leaves the Buffer (which is the second shift after pressing the SOW button) and will stay lit

until EOW pulses leave the Buffer, (the first shift after pressing the EOW button), at which
time the EOW indicators will light,

3-12
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3-4, BUFFER CHASSIS, MEC MODEL 72-4A (Figures 3-2, 9-8 and 9-9)

3-4,1, The Buffer Chassis provides delays for data, SOW and EOW, collectively in
increments of one millisecond, for the purpose of aligning data received from a source
which has initially delayed one channel of a pair with respect to the other. The delay also
makes it possible to allow for additional delays that may occur due to routing of the data
within the Receiver. Maximum possible delay is 16 milliseconds. Delay is accomplished
by switching inputs from the Data Line Amplifier or test circuitry to pin 3 of the desired
cores in the shift registers. One-shots for insertion of data and SOW are located in the
Timing Logic Chassis. They are N613 for data and Né6ll for SOW, EOW, however, is
inserted by one-shot N404 in the Buffer Chassis. The input at pin é receives actual or
test EOW from the Control Chassis. The 10K resistor, R401, at the input, is utilized for

termination of the EOW cathode follower in the Data Line Amplifier when in the operate
mode.

3-4.2. Since shift pulses occur at a 1 kc rate, information is delayed in one milli-
second increments between the time it enters and leaves the Shift Register by effectively
increasing the number of cores inthe string. This is accomplished by switch S401. A
separate string of cores is used for data (M40l through M417); SOW (M418 through M435);
and EDW (M436 through M452). (See Fig. 9-5 for typical "1" output of cores.) Each
string is driven by a TN130B core driver, labelled N401, N402 and N403 respectively.

Figure 3-2. Buffer Chassis
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The core drivers shift when activated by a pulse received at pin 2 of P40l, which is clock, .
phase 2, from the Timing Logic Chassis, The shift pulses are generated between gating
functions derived from the 8:1 counter., As the 8:1 counter operates on clock, phase 1, it

changes state 500 microseconds before or after shift pulses.

3-4.3, The SOW shift register has one more core at the output than the data and EOW
registers, This core, M435, provides one additional millisecond of delay for SOW from the
Buffer, This additional delay is necessary for properly starting the 8:1 counter in the Tim-
ing Logic Chassis, thereby insuriﬁg that the shift register gating pulse to the Output Regis-

ter occurs at the proper time.

3-4.4, The output of the EOW shift register, pin 9 of core M452, is connected to one
leg (CR404) of an ""OR' gate consisting of diodes CR404 and CR405 (located in the Buffer
Chassis) and resistor R632 (located in the Timing Logic Chassis). The EOW shift register
output is also connected to pin 24 of plug P40l, Pin 24 is connected through rack wiring to
pin 42 of P40l of the Buffer Chassis belonging to the mating receiver. Thus, the second
input to the "OR' gate is supplied from the EOW shift register of the mating receiver to
diode CR405. Therefore, both Buffer Chassis contain ""OR" gates which produce an output
as a result of EOW from either EOW shift register of the mating receiver. The purpose of

this circuit is to supply an EOW input to the Control Chassis and the Timing Logic Chassis

should some malfunction occur to either receiver of the pair,
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3-5, OUTPUT REGISTER CHASSIS MEC MODEL 72-5A (Figures 3-3, 9-10 and 9-11)

3-5.1. Data from the output of the data shift register in the Buffer enters an 8 bit

‘ shift register, M502 through M509, in the Output Register Chassis. Shift pulses to core
driver N501 are derived from the same phase 2 of clock that shifts the Buffer. 500 micro-
seconds after a complete group of 8 bits enters the 8 bit shift register, such that the 1lst
bit is stored in M309, the gating level from the Timing Logic Chassis entering pin 2 of
P501, rises from -20 volts to 0 volts for one millisecond. During this period, the next
shift pulse to occur reads the data out of the shift register into storage flip-flops N502
through N517, each core driving 2 flip-flops. The gating level is connected to pin 5 of
each of the eight cores. This is one side of the auxiliary winding. When a core is
shifting out a "1'" the other side of the auxiliary winding, pin 4, goes positive approximately
8 volts. When the gating level is at -20 volts, a "'1'" appearing at pin 4 does not go above
ground and does not set the flip-flops. (See Figure 9-5 for shift register gate wave forms).
When the gating level goes to approximately -2 volts, a positive 8 volt pulse at pin 4 of a
core goes well above ground and will set the two flip-flops to which it is connected, A
""0" having been shifted from a core, is approximately a +0.5 volt pulse and does not rise above
ground when referenced to -2 volts. Resistors R537 and R501 provide -2 volt bias when
the input goes to 0 volts at pin 2 of P501. At the same time the gating pulse goes positive,
the storage flip-flops are reset by a pulse from the Timing Logic Chassis which enters the

Output Register on pin 4 of P501,

Figure 3-3. Output Register Chassis
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3-5,2, The Output Register flip-flops are TN144's with a dlode clamp to ground on the
output which prevents the output from going positive, To avoid the output swinging below
ground under loading, a resistor such as R503 {s returned to a positive voltage from each
flip-flop thus maintaining the diode in a clamped state, (See Figure 9.5 for waveform of a
typical Output Register flip-flop). A neon indicator is provided on the output of each flip-flop.
The indicator is 1it for 0 volts, indicating a 11" and is off for -10 volts, indicating a "0",

In the lower left hand corner of Figure 9-10 is a table calling out the DCC location of each
Output Register Chassis output,
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3-6, TIMING LOGIC CHASSIS, MEC MODEL 72-6A (FIGURES 3-4, 9-12 and 9-13)

3-6.1. In addition to aligning 2 channels of data from a single source that have been
deliberately misaligned, the Data Receiver must send its outputs to the DCC in groups of 8
bits. It must ignore anything on the input line between EOW of one data message and SOW
of the following data message. The Timing Logic Chassis provides these functions. Clock
(1 kc) enters the Timing Logic Chassis on pin 1 of P60l from the Control Chassis. If it is
actual data it is in the form of a sine wave. In test mode it is a differentiated square wave.
Schmitt trigger N60l1 shapes the clock pulse. Its output at pin 5 is out of phase with the
input at pin 3. Potentiometer R609 and emitter follower N605 are used to bias N601, causing
the Schmitt trigger to trigger as the input crosses 0 volts., The output of the Schmitt trigger
drives a variable one-shot N614 at pin 3. This one-shot is adjusted by varying potentio-
meter R603 to place shift pulses approximately between the data bits entering the Receiver.
This delay is nominally 160 microseconds. Né14 triggers a 500 microsecond one-shot,
N602, which generates the 2 phases of the clock pulse that are used within the system.
Clock, phase 1, from pin 5 of N602 triggers the first stage (N603) of the 8:1 counter. Pin
7 of N602 (clock, phase 2) is connected to pins 2 and 3 of P60l which go to the core drivers

in the Buffer and Output Register Chassis. The 8:1 counter consists of flip-flops Né603,
Né607, and N608.

Figure 3-4. Timing Logic Chassis
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3-6.2., The output, pin 5, of the first stage of the counter, N603, is a 500 cycle
square wave, N607 is the second stage which counts down the 500 cycle square wave and
produces a 250 cycle square wave at pin 5 which drives the third stage, N608. The output
of N608 is a 125 cycle square wave, The three stages of the 8:1 counter are reset at pin 7
by a positive pulse from flip-flop N606 which occurs each time a SOW pulse is received
from the Buffer. Clock pulses are inhibited from triggering N603 by the 8:1 counter gate,
flip-flop N606, when it receives a delayed EOW pulse from the Buffer. The inhibit is
removed when Né606 is triggered by a delayed SOW pulse from the Buffer. (Figure 9-5
shows the waveform of the 8:1 counter gate. ) Upon receiving a SOW pulse, the 8:1 counter
operates on clock 1, The output of N608, pin 5, goes positive when the count of § is
reached, This triggers flip-flop N610, bringing the shift register gate level to 0 volts and
allowing data to be read into the Output Register flip-flops. Né610 in turn drives N604 and
N609A. N604 is the flip-flop used to generate sample pulses in the Control Chassis. N609A
is an emitter follower which resets the Output Register flip-flops on the count of 8, 500
microseconds prior to the shifting of new data from the cores. Flip-flops N604 and N610
are‘ both reset by the following count of 1 from N603, Their outputs are a positive level of
0 volts for one millisecond between the counts of 8 and 1 of the 8:1 counter, during the
period between delayed SOW and EOW from the Buffer, Figure 9-5 shows the waveform of
flip-flop N610, referred to as the shift register (S,R.) gate.

3-6.3. The gating resistors R620 and R628 at pin 3 of N610 insure that N610 is not
triggered by N608 when the counter is reset at delayed SOW,

3-6.4. One-shots N611 and N613 insert SOW and data into their respective shift
registers‘ in the Bufier Chassis. They operate on a pulse either from the test circuitry or
the Data Line Amplifier, depending upon the position of the OPERATE TEST switch on the
Control Chassis. The resistors, at their input, provide cathode resistors for the cathode

followers in the Data Line Amplifiers.,

3-6.5. Should some malfunction occur and the Timing Logic Chassis not receive an
EOW pulse from its own Buffer Chassis, the Buffer Chassis of the paired receiver will
supply an EOW pulse through the "OR'' gate composed of diodes CR404 and CR405 in the
Buffer Chassis and resistor R632 located in the Timing Logic Chassis.
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3-7. POWER CONTROL CHASSIS, MEC MODEL 72-7A (FIGURES 3-5, 9-14 and 9-15)

3-7.1. The Power Control Chassis provides the means for switching a-c power to the
rack, measurement of all internally generated voltages, and contains indicators to provide

a visual detection of power failures.

3-7.2. AC power is switched to the rack via switch S701., When power is on, neon
indicator DS701 is on, Diode CR701 rectifies the a-c for measurement. Meter MV701 and
switch S702 are used to measure 120 vac, the 3 d-c voltages from both the A and B supplies
{+12 volts, -20 volts, and -85 volts) and the +250 volts and -250 volts generated within each
of the four Data Line Amplifiers, MV70l is a 1.2 ma meter., By limiting the current from
each voltage to 1 ma with an appropriate 1% resistor, all voltages read approximately 10"
on the meter, representing 100% when they are properly adjusted. For optimum usage of

the meter, however, the procedure in the following paragraph is recommended.

3-7.3. Using an external meter such as a Simpson Model 270 or Triplett Model 630,
correctly set each of the 3 d-c voltages of both supplies, The voltages are brought out at
the front of the supply and clearly identified via test jacks TJ401 through TJ404. Record
the reading of panel meter MV701 for all voltages on the VOLTAGE SELECTOR switch.

The recorded readings may now be used to determine any discrepancy of the system voltages.

MV70lI I701 1702

DS702-DS709
DS70lI S70l s702

Figure 3-5. Power Control Chassis
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3-7.4, In addition, indicators 1701 and 1702 are between the two -20 volt and +12 volt
lines respectively providing a visual indication of failure of either one of the two lines, ‘

Failure of both lines however, will not give an indication, Series resistor R723 is used on

the -20 volt indicator to allow use of the same type lamp in both indicators,

3-7.5. There are eight neon indicators provided for monitoring the +250 volts and
-250 volts from the Data Line Amplifiers, One group will be described. The four +250
volt lines are "OR'" gated through CR702, CR703, CR704 and CR705, The common point of
these diodes provides power to all four 6! the indicators, DS702, DS703, DS704 and DS705
through 100K limiting resistors. ‘As long as there is no power failure, each indicator has
+250 volts applied to both sides and remains extinguished. Should one supply fail, one side
of the neon loses +250 volts and lights, A ground path is provided, in case the Power
Supply failure is an open, with 100K resistors to ground.

3-20




i ME-902

CHAPTER IV

OPERATION

4-1. When all rack connectors are properly connected and a-c power is supplied to the
Receiver, place a-c power switch Si, lc:acated at the rear of the rack, to the ON position,

A red indicator I1, adjacent to the switch, indicates whgn power is on (see Figure 4-1),

This switch controls a-c power to the Power Control Chassis, MEC Model 72-7A. Switch

on a-c power to the system via S70l, located on the front panel of the Power Control Chassis,
A neon indicator DS70], located above the switch, indicates when power is on, Power indi-

ators on each of the Data Line Amplifiers will be lit at this time,

(2]

4-1.1. In checking voltages to the system, the voltage to be checked is selected with
switch S702 on the Power Control Chassis. AC should indicate "10" +10%. . After following
the procedure in paragraph 3-7,3, the +12 volts, -20 volts, and -85 volts should indicate
the recorded readings £3%. The +250 volts should indicate '9,5'" £3%; the -250 volts should
indicate '"10" +3%,

NOTE
The designation A refers to the right hand supply; B, the
left hand supply. The designation for the 250 volts from
the Data Liine Amplifiers are 1A, 1B, 2A, 2B, from left to
right.

Should failure occur to either of the +12 volt or -20 volt supplies, red indicators 1702 and
1701 on the Power Control panel will light, respectively, Failure of the -85 volt is obvious
as all neon indicators are operated from this voltage. There is an indicator provided for

each of the +250 volts and -250 volts generated within the Data Line Amplifiers.

4-2. Switch the TEST OPERATE switch on the Control Chassisto TEST. If already in

test, switch to OPERATE and back to TEST. Set the Buffers for identical delays.. Set the
monitors in AUTO, Select a test pattern., The pattern should appear on the Output Register
indicators, The SOW and EOW indicators should be alternating, with the SOW period about
four times as long as the EOW period. The A and B indicators should be operating in unison,
Test monitor circuits by pressing the monitor test pushbuttons. The indicators will light
when the test pushbuttons are pressed. (It is necessary to reset the sample monitor after

testing. )
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4-2.1. Check all four test patterns. The sample monitor may operate when changing

patterns, but should remain off after it is reset. The preceding operations should be done

for both receiver pairs, Indications of difficulty or improper Data Line Amplifier adjust-
ments are:
1. A and B EOW indicators operate in unison, but SOW indicators do not.
2. EOW monitor frequently lights momentarily. (If data is satisfactory on
both lines and no spurious noise pulses exist, or temporary drops in level,
etc., the indicator would not light at all,)
3, Sample Monitor or EOW monitor indicator operates and does not reset.
4., EOW neon indicators stay on when monitor is in A or B position,
EOW and SOW indicators do not maintain normal sequence.
6. Adjacent Output Registers of a receiver pair do not have identical data

patterns.

4-3, It is assumed that the Data Line Amplifiers are properly adjusted. X this is not the
case, they should be adjusted as described in paragraph 2-8 in DATA LINE AMPLIFIER,
APPENDIX. To properly align the data, it is necessary to adjust the Buffer delays, This
is accomplished by using a dual-trace oscilloscope and observing both EOW pulses as they
leave the Buffer. (Pin 8 at the test jack of both Buffers of a receiver pair.) Synchronize
the scope on one of the two pulses. If the leading EOW is selected, both pulses will appear

on the scope displaced by not more than 16 milliseconds. If not, the sync should be switched .
to the remaining EOW pulse. The delay switch of the Buffer with the leading pulse should '

then be adjusted until the two pulses are within one millisecond of each other. When this is

done, it should be determined if the pulses are more than 500 microseconds apart. If they

are, an additional millisecond of delay should be added to the Buffer that is being set.

Following this, switch the sync to the other EOW pulse (the leading pulse is now on the

other line) and ve.rify that the EOW pulses are now less than 500 microseconds apart.

4-4. When operating properly with data from the B-GE computer, the SOW and EOW indi-
cators will repeat a sequence of SOW, a short EOW; SOW, a long EOW. The data from the
IP709 repeats a sequence similar to that of the test mode. In both receiver pairs, the only
data output to the Computer that is easily determined visually on the indicators of the Output

Registers is the last 8 bits, as this data remains on the lines until new data comes in.
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CHAPTER V
INSTALLATION

5-1, Provisions should be made to supply the Model 72 Data Receiver with 120 vac 60
cycles, single phase at approximately 8 amperes as power inputs, The Receiver receives

a-c power through J33 at the rear of the rack, Internal connection information is as

follows:
INPUT - OUTPUT CONNECTORS
CONNECTOR TYPE DESCRIPTION MATING CONNECTOR
J20-J23 MS3102A-32-7P Data Line Outputs MS3106B-32-7S
J33 MS3102A-18-11P Power Input MS3106B-18-118
*J34-J41 N60-R3-A Data Line Inputs N60-P2-2
J42 MS3106B-20~15S Recorder Inputs MS3102A-~20~15P

5-2. The rack should be installed on a reasonably flat surface and if it is to be installed
near a wall, its rear portion should not be less than three feet from the wall, This enables

easy access to the rack through the rear door.

5-3. Adjustments and procedures to be executed prior to operating the equipment will be
found in CHAPTER IV, OPERATION, Wire size and cable information will be found in
CHAPTER VIII, WIRE LIST,

*Connectors J34-J41 are utilized as pairs for each of the four data lines.
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CHAPTER VI
MAINTENANCE

6-1. No special considerations are needed for maintenance of this equipment. However,
normal failures of individual components may be expected and can be located through normal
maintenance operations. Values of all major component parts used in the chassis are in-
dicated in CHAPTER VII, PARTS LIST, The indicators located on the front panels of the
chassis give indication of malfunction'in most cases. By observing these indicators during
normal operation, it is possible to determine quickly in which chassis the trouble is located,

and in which portion of the chassis the trouble is contained.

6-2. The only preventive maintenance necessary is the cleaning of the Blower filter
approximately once ev;ery thirty days. The filter should be removed and cleaned in a solution
of warm water and detergent. Periodic tube testing, either with a tube tester, or by merely
substituting known good tubes, should be carried out. If relays, or other electro-mechanical
devices do not function properly with normal adjustments, the complete sub-assembly should

be replaced, and the malfunctioning unit returned to the manufacturer for possible repairs,

6-3. It is strongly urged that this manual be thoroughly read and completely understood

before operating the equipment.

6-1
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"1 2 7] 5 3 ] 3
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE. UNIT
NO. DESIG- NO. PART NO. PER MENT COSsT
NATOR 1 2 3 4 5 &6 7 ASSY.| CODE (EST.)
11 MEC ASSEMBLY], CONNECTOR BRACKET 1
72-1AAA
1-2 Fl1,F2 Bussmann FUSE} |10 |JAnmp 2
BAN
1-3 1 Dialight LAMP, Incend4scent, Candelabra Base, 125V, 1
656 ICl4ar
1-4 | J20-J323 Cannon CONNEQTOR 4
MS3102A-32-7H
1-5 J33 Cannon ICONNE(QT O 1
MS3102A-18-11Pp
1-6 J34-J41 Nugent ICQNNEQTO| 8
N60-R3-A
1-7 sl Cutler Hammep ITCH{ T¢ggle, DPDT 1
STS52N
1-8 TB1 Cinch Jones TEARMINALISTRIP 1
2-140
1.9 XF1-XF2 Bussmann IFUSE|HOLOQEKR 2
HPC
1-10 X1l Dialight INDIGATIOR| HOL.DER 1
514001-111
3-1 - MEC agsemaLy,| cANTROL
72-3A
3-2 C321- Cornell Dubilier CAPACITOR, FIXED MYLAR, .01uf, 400vde 3
€323 PM4S1
3-3 C301- MIL CAPACITOR, FIXED MICA, 1000ppf, 10%, 500 7
€303 CM-19B-102K vidc
c31ll
C314. -
c328
C335
3-4 c304 Cornell Dubilidr CAPACITOH, FIXED MYLAR, .05pf, 400vdc 1
PM4S5
3-5 €305 Cornell Dubilidr CAPACLTOR, FIXED NYLAR, .02;1;!. 400vdc 3
€306 PM4S2
C341
3-6 c307 Fansteel GAPACITOR, XBlu-Cap), 1l00uf, 30vde 2
c324 F306-1
3-7 c308 Fansteel CAPACITOR, KBlu-Cap), 10uf, 1i0Ovde 1
F215-1
3-8 €316 MIL qaPAC]TOR, FIXED MICA, 330puf,10%, 500 1
CM¥-19B-33 1K vide
3-9 c310 MIL dAPACATOR, FIXED MICA, 68oppt, 10%, 500 1
CM~19B-681K vide

7-3
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1 2. 3 . } B 5 - & 7 8
1TEM REFER, CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT COsT
NATOR 1. 2 3 4 5 6 7 ASSY.| CODE (EST.)
3-10 | €312 MIL CAPACLTOR, FIXED MICA, 470upf, 10%, 500 6
c309 CM-19B=4T71K vilc
€325
Cc326
€332
€333
3~111{C313 G.E. CAPACHTOH, Tentalytic, é6pf, 50vde 1
29F571-6G4
3-12 | €315 G.E. CAPACHTOR, Yantalytic, 20pf 1
29F567-64
3-13 | €331 MIL CAPACITOH, FIXED MICA, 1500puf, 10%, 500 1
CM-198-152K vde
3-14 | €327 Cornell Dublligqr CAPACITOR], FIXED MYLAR, ,5upf, 400vde 3
€329 PM4PS
C334
3-15 | €330 G.E, CAPACITOH, [fantalytic, 3pf, 25vde 1
29F 562-64
3-16 { C338 MIL CAPACITOR, FIXED MICA, 560upf, 10%, 500 2
C339 CM-19B-561K vide
3-17 1 C3490 Cornell Dubilidr |[CAPACINOR| FIXED MYLAR, .luf, 400vde 1
PM4P1
3-18 ) C342 G.E, CAPACYTOH, [fentalytic, 1uf, 7Svde 1
29F 580-G4
3-19 | €343 Cornell Dubilier CAPACTTOH, FIXED MYULAR, .47u.f, 200vdce 2
€341 pM2p47
3-20 | CrRY0O1 Clevite DIOPE ) 19
CR3006~ ¢TP-503 or
CR319 T12G6
CR321
CR322
CR326
CR327 i
3-21 | CR320 ltof fman Hope | | 1
IN703
3-22 | D5301- MEC 1Nl)[Cd'F0|, Neon 4
DS304 16-101
3-23 | 1301~ Dialight Corp. 1aMp, |INCANDESCENT, Candelabra Screw Basg 3
1303 656-125V Clear
3-24 ] K301 C.,P, Clare RELAY [ (48 or C), Type 2 2
K302 RP4451-628
3-25§ N323 MEC TRANSISTOR NETWORK 1
TN138
3-26 1 N301 MEC YRANSISTOR NETWORK 4
N3 16 N1L1
N3 12
N3 19
3-27| N302 MEC URANSISTOR NETWORK 1
TNST
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] 4 5 6 7 8
ITEM REFER. CLASS | STOCK MFG, AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO, PER MENT cost

NATOR 1 4 5 6 7 ASSY,| CODE (EST.)

3-28 | N303 MEC TRAYSISTAR NETWORK 3

N304 TN9OB
N322
3~29 | N305- MEC TRAYSISTGR NETWORK 7
N30O TN1388
N311
N3 14
N310
3-30 | N310 MEC TRANSUSTYR NETWORK 2
N317 TNTY
3-31 | N313 MEC TRANSAS Tt NETWORK 5
N3 13 NSO
N320
N309
NJ21

3-32 | P301 Cannon PMLUG, (Male,| 50 Pin Contact, 5 Amp Rating 2

pP302 DD-50P

3-33 | r301 MIL RES]STOR| FEXED COMPOSITION, 100K, 10% 1

R304 RC20GF 104K y/2
RI13-
R315
Q338
R350
3-34 ] R302 MIL RES]STOR| FIXED COMPOSITION, 56K, 10%, 1
RC20GF 563K /2
3~35| R303 MIL HESHISTOR| FIIXED COMPUSITION, 22K, 10% 8
R308 RC20GF223K 1/2W
R332
R337
R339
R349
R351
R333
3-36 | R305 MIL RESESTOR} FIXED COMPOSITION, 10K, 10% 12
R311 RC20GF 103K 1/2H
R312
R325
R329
R327
R364
R326
R330
R340
R345
R352
3~37| R306 MIL HESESTOR| FLXED COMPOSITION, 47K, 10% 2
R357 RC20GF473K 1/2N
3-381 R307 Allen Bradle HOTENTIOH¥ETER, 25K, 2W, Linear Taper 1
JA1LO40S2531¢
3-39 { R309 MIL RESYSTOR| FIXED COMPOSITION, 3.3K, 10% 4
R310 RC20GF332K y/2¥
R343
R347

wn
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ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER | MENT | COSK
NATOR 1 2 3 4 5 6 7 ASSY.{ CODE (EST.)
3-40 | R321 WIL RES Sl‘OR. FIXED COMPOSITION, 5,6K, 10% 6
R324 RC20GF 562K 1Y/ 2§
R328
R331
R346
R358
3-41 | R334 MIL RESISTOR{ FIXED COMPOSITION, 1K, 10% 5
R341 RC20GF 102K 1/24
R342
R353
R354
3-42 | R335 MIL RESISTOR| FIXED COMPOSITION, 6,.8K, 10% 2
R336 RC20GF 682K 1/2¥
3-43 | R344 NIL ESISTOR| FEXED COMPOSITION, 560 ohms, 14% 2
R348 RC42G6F 561K
3-44 | R355 MIL ESISTOR| FIXED COMPOYTION, 27K, 10%, 2
R356 RC20GF273K 1/2y
3-45| R365 MIL RESESTOR} FIXED COMPOSITION, 8200 ohms, 2
R366 RC20GFB22K youlL 1/2
3-46 | R362 MIL RESIS'JLOR FIIXED COMPOSITION, 150 Ohms 2
R3I63 RC20GF 151K jo%l, 1/2
3-47| S301 Micro SWIFCH, PUSHBUTTON 7
$304- 2PB11
$307
$309
$310
3-48 | 5308 Centralab si1tcul, MOTARY, Non shorting 2
S311 PA2007
3-49 { S303 Centralab SWITCH, ROTARY, Non shorting 1
PA2035
3-50 | $302 Centralab SWiTcH, ROTARY, Non shorting 1
PA2021
3-51 | TI301 Cannon CONYECTOH, Female, 50 pin contact, 5 amp | 1
DD-508 rpting
3-52 | X1301- Dialight Corp. IND]CAITOR HOLDER 3
X1303 514001-111
3-53 | XK301- Eby SPCKET, 14 Pin Miniature 2
XK302 9759~5
3-54 | XN30O1- JAN SOCKET, Tubg, Octal 23
XN323 TS101PO1
3-55 Whitso KNOB 4
K=105

7-6
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{TEM REFER. CLASS | STOCK MFG. AND DESCRIPTION ¥ .
NO. DESIG- NO. PART NO. u,:ar ’“35,‘,‘;“ é’g‘;‘,
NATOR 1 2 30 4 5 6 7 ASSY.] CODE (EST.)
4-1 MEC A4sEpB Y,| BUFFER
72-4A
4-2 c401 Fansteel ChPACITOR, {Blu-Cap), 10pf, 25vdec 1
F110~-1
4~3 C402~- Fansteel CAPACIITOR], {Blu-Cap), 100uf, 30vde 3
C404 F308~-1
4-4 €405 MIL CAPACHTOH, FIXED MICA, 2700upuf, 500vde, 1
CM-198-272K 1P%
4-5 CR401~ Clevite 10YE 5
CR405 CTP-503 or
T126
4-6 M453- MEC MAGNETIC |CORE 3
#4355 MN-13
4-7 M40 1~ MEC MAGNETIC |CORE 52
M452 MN-11
4-8 N4O i~ MEC TRANSYISTOR NETWORK 3
N403 TN1308
4-9 N404 MEC TRANSISTOR NETWORK 1
TN1388B
4-10| P401 Cannon RLUG, [Male,] 50 pin contact, 5 amp rating 1
DD-50P
4-11| R402 MIL qESISPOR FIIXED COMPOSITION, 1800 ohms, 1
RC20GF 182K o%l, 1/2%
4-12 | R401 MIL RESES1TorR| FlIXED COMPOSITION, 10K, 10% 3
R403 RC20GF 103K u/2W
R404
4-13 | 5401 Oak SWI¥YCH, ROTARY, 3 Pole, 24 Position 1
399655-MF
4-14 | TJ401 Cannon CQONNEQTOH, Female, 50 pinm contact, 5 amp 1
DD-50S athng
4-15{ XM401- JAN OCKETY, Fube, 9 Pin Miniature 55
XM455 TS103P02
4-16 1| XN401=- JAN SOCKET, Tube, Octal 4
XN404 TS101P01 R
4-17 Whitso KNOP ’ 13
K~105
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ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO, DESIG- NO. PART NO. PER MENT cost
NATOR 12 3 4 5 6 7 ASSY.] CODE (ESY.).
S5~1 MEC A$SEMBLY | ONTPPT REGISTER
72-5A
5-2 | €501 Fansteel clapAc1TON, (Blu cap), lOpf, 25vde 1
F110-1
5=3 Cc502 Fansteel ClAPACITOH, [Blu Cap), 100pf, 30vde 2
€503 F308-1
5-4 €504 Cornell Dubilidr clapacI]TOy, FIXED MYLAR, .1luf, 400vde 1
pPM4P1
5-5 CR504 Motorola DIODE 1
10M102
5-6 CR505 Pacific Semit HIODE 1
Conductor
IN703
5-7 DS501-~- MEC I.JND[CA‘TO[ 16
DS516 16-101
5-8 M501 MEC MAGNETIC |CORE 1
MN13
5-9 | M302- MEC MAGNETIC|CORE 8
M5309 MN11
5~10 | N501 MEC TRANSISTOR NETWORK 1
TN130B
§~11] N502- MEC TRANSISTOR NETWORK 16
N517 TN144
5-12 | P501 Cannon pMLuG, |Male,| 50 pin contact, 5 amp rating 1
DD-50P
5-13 | R536 MIiL RlEsISTOR | FIXED COMPOSITION, 10K, 10% 1
RC2OGF 103K 1/2
5-14 | R502 MIL RESIST0R | FIXED COMPOSITION, 1.8K, 10% 1
RC20GF 182K 1/2
5-15 | R503~ MIL RlES15T0R | FIXED COMPOSITION, 5.6K, 10% 32
R534 RC20GF 562K W/ 2W
5-16 | R535 MIL RESESTOR| FIXED COMPOSITION, 3.3K, 10% 1
RC20GF332K N/ 2W
5-17 | R537 MIL RESISTOR| FIXED COMPOSITION, 390 ohms, 1
RC20GF391K no%| 1/24
5-18 | R501 MIL RESISTOR| FIXED COMPOSITION, 3,9K, 10% 1
RC20GF392K y/2y
5-19 | TJ501 Cannon cloNNVEQTOR, Female, 50 pin contact, 5 amp 1
pp~-50S8 rlating
5~-20 { XM501~ JAN SloCKER, Tubp, 9 Pin Miniature 9
XM509 TS103P02
5-21| XN501- JAN SOCKET, Tubp, Octal 17
XN517 T5101P01

7-8
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NO. DESIG- NO. PART NO. PER MENT cosT
NATOR V2 3 4 5 6 7 ASSY.] CODE (EST.)
6-1 MEC Asﬂla.‘,ln. , ITINING LOGIC
T2-6A
6~2 c608 MIL CRPACHTOH, FIXED MICA, 5000;45!'. 10%, 500 1
C¥-308-502K vde
6-~3 C609 MIL CAPACITOH, FIXED MICA, lOOOp.p.f. 10%, 500 4
C605 CM-19B8-102K vde
co617
€620
6~4 c602 . Cornell Dubilidr CAP\CITON, FIXED MYLAR, .,047uf, 400vde 1
PM4S47
6-5 603 MIL CAPACITOH, FIXED MICA, 470upf, 10%, 500 K]
Cc604 CM-19B-4T71K vde
co610
6~0 ColH MIL CAPACITOH, FIXED MICA, 2700upf, 10%.500 2
CG6l3 CM-19B-272K vide
6-7 C618 Fansteel CAPACITOH, (Blu Cap), 10pf, 25vde 1
F110-1
6~-8 c619 Fansteel JAPACLTOH, KBlu Cap), 100uf, 30vde 1
F300-1
6-9 Cc601 Cornell Dubilidr ClAPACILTOR, FIXED MYLAR, .03uf, 600vde 1
P M6S3
6-10 | C600 Cornell Dubiligr CAPACITOR, FIXED MYLAR, .01pf, 400vde 4
c607 PM431
coll
c621
6-11 1 CR601 Hoffman piIOBE, Zdnef 1
INT03
6-12 { CR602 Clevite DIODE 5
CR604 CTP~503 or
CR605~ T126
CR607
6-13 | N601 MEC TRANSIS TYR NET WORK 1
TN130
6~11| N602 MEC RANSISTOR NETWNORK 3
No61l TN130B
N614
6~13| N603 MeEC TRANSISTOR NETWORK s 4
N606- TN9OB
N6OB
} 6-16] N605 MEC TRANSISTOR NETWORK 2
‘ N609 TNSS
6-17 ) N613 MEC TRANSISTOR NETWORK 1
TN11}
6-18| N604 MEC TRANSISTPR NETWORK 2
) N610 TN2O
' 6-19| P601 Cannon HLUf, {Make,| 50 pin contact, 5 amp rating 1
| DD-50P
i
@

~1
1
~0
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ITEM REFER. CLASS [ STOCK MEG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT cost

NATOR T 2 3 4 5 &6 7 ASSY.| CODE (EST.)
6-20 | RO630 MIL l KESISIoR ) FEXED COMPOSITION, LOUK, 10% 2
Re2 RC206F 104K y/2
6-21 ] RO2I MIL RESISQOR| FIXED COMPOSITION, 10K, 10% 9
R629 RC20GF 103K §/2
R6OT
ROGOB
RO U
RO14
RO B
RO1Y
ROJ L
0-22 1 ROOZ MIL RESISTOR| FIXED COMPOSITION, 153K, 10% 1
RC20GF 153K y/2¥
6=23 | ROOY Allen Bradle POTENZIOMTER, 25K, 2W, Linear Taper 1
JALL040S253U
6-24 | ROOA MIL RESISTOR| FIXED COMPOSITION, 22K, 10% 2
ROLT RC20GF 223K y/2
6-25 | ROOS MIL RESISTOR| FIXED COMPOSITION, 3.3K, 10% 4
R600O RC20OGF 332K 1/2
ROLD
ROZO
6=20 | ROOY Allen Bradle POTENYIOWTER, 2W, Linear Taper, 2.3K 1
JALLOA0S 252U
6-27 1 ROLS M1L RESISTOR ] FIXED COMPUSITION, 1500 ohms, 2
RO20O RC20GF 152K How| 4/2u
6-28 I RO1L2 MIL nEsistdor | FIXED COMPOSTITION, 33K, 10% 2
RO3Z RC20OGF 332K /2
6-29 | ROYS MIL flEsIsMorR | FIXED COMPOSITION, 5.6K, 10% 1
RC2OGF 562K 1|/ 2%
6-30 | R621 MILL RESISTOR | FEXED COMPOSITION, 1300 ohms 2
ROG2T RC20GF 192K W%l §/2W
6-31 ] TIH01l Cannon CONYEQTOH, Female, 50 pin contact, 5 amp 1
oN-508 rlsting
6-32 | XNOO1- JAN SOCKER, (Qethl 14
CXNO L TS101PUL
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ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT CcOosT
NATOR Vo2 3 4 5 6 7 ASSY.| CODE (EST.)
7-1 MEC IASSEMBLY} POW[IER CONTROL 1
72-TA
7-2 CR701- G.E. DIPD E 9
CR709 IN1695
7-3 DS701- Eldema LLAME, Neoh tq Spec, 21C-3864-7 9
DS709 1CG12-4535
7-4 1701~ Eldema LAMI, Incalnddscent, (Red) 2
1702 1GF5-4976
7-5 MV701 Beede IMETER,| 1.2MA, (Scale 0-12) Horizontal 1
E-25 Momanting,
7-6 P701 Cannon PLIUQG 1
DD-50P
7-7 R701 MIL REISISTJR, |Fixed composition, 39K $10% 1/2W 1
RC20GF393K
7-8 R702 I.R.C. RESISTAR, |Precision, 54K %1% 1/2W 1
DCC
-9 R703 LR, C. RESISTAR, [Precision, 12K *1% 1/2W 1
DCC
?-10 R704 I.R.C, REISISTCR, {Precision, 20K 1% 1/2W 1
DCC
7-11 | R705 I.R.C, RESISTCR, |Precision, 85K 1% 1/2W 1
DCC
7-12 R706, R707 MIL RESISTAR, |[Fixed composition, 100K +10% 1/2W 16
R709-R722 RC20GF 104K
7-13 [R708 I.R.C. RESISTAR, |Précision, 250K 1% 1/2W 1
DCC
7-14 | R723 MIL RESIYTQR, |Fited composition, 82Q +10% 2W 1
RC42GF820K
7-15 [S701 Cutler Hammey SWITCH, Tgggle, DPDT 1
ST52N
7-16 S702 Oak WITCH, Raqtary 1
399655-MF
7-17 |[XDS701- Eldemna INDICATIOR|HQLDER 9
XDS709 11H-4593
7-18 Whitso KNOB 1
K-150
7-19 Eldema LENS|{CAP, {Trhnslucent) 1
11H-4110
7-20 Eldema LENS|CAP, (Rad) 8
11H-4119 ,
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ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE. [ UNIT
NO. DESIG- NO. PART NO. PER MENT COsT

NATOR 1 2 3 4 5 ¢ 7 ASSY CODE {EST.)

1 ielean Ay, prosdsr 1

2uB508C
8-1 MEC AGHEMBLY], DATA|LINE AMPLIFIGR 1
71-8A
8-2 c801 ‘ Cornell bubilier ChPALITOR, | FIded Mylar, .01 uf, 400vdc 2
C803 PM4ASY
8-3 826 Cornell Dubilief CAPALITDR, |Fijed Mylar, .02uf, 400vdc 2
c827 PMAS2
8-4 c811- Cornell Dubilier CAPALITPR. |Fided Mylar, .luf, 400vde 4
C814 PM4PL
8-5 802 Cornell Dubiliet CAPACITLR, [Fifed Mylar, .005uf, 600vdc 2
c837 M6D5
8-6 C804 Cornell Dubiliey CAPACITDR, |Fifed Mylar, .47uf, 200vdc . 3
C805 PMRPLT
c815
8-7 €824 Cornell Dubiliej CAPAQITDR, |FiRed Mylar, .05uf, 400vdc 1
PM4S5
8-8 c806 MIL CAPAPITDR, |Fixed Mica, 500unf, 10%, 500vdc 1
(M-19B-501K
8-9 c807 MIL CAPA SITbR, Figed Mica, 2000unf, 10%, 500vdc 3
c809 (M-19B-202K
c810
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ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE.|  UNIT
NO. DESIG- NO. PART NO. PER MENT COSsT

NATOR 2 3 4 5 6 7 ASSY.| CODE (EST.)
E=10 CLl7- MIL chiad i, |'ided Mica, 100uf, 10%, 500vde 6
c619 Ch=19B-101K
€821
C825
c828
8~11 c816 MIL CAPALITPR, |Fixed Mica, 500uuf, 10%, 500vde 1
Cl=19B-501K
8-12 820 MIlL CAPACIT{R, |Fixed Mica, 1500uuf, 10%, 500vde 1
Ch=19B-152K
8-13 829~ MIL CAPACITUR. |Fixed Mica, 56uuf, 10%, 500vde 3
c831 CM=19B-560K
8-14 c¥oe Aerovox CAPAGITOR, {Iixed Plug=in, 40uf, 450V 3
CE32 AEPZJ
833
8-15 C834 Aerovox CAPACITOR, (Fixed Plug~in, 40-40uf, 450vdc 1
ABF88J
£=16 c822 MIL CAPAGITUR, |Fixed Mica, lOUUuut, 10%, 500vdc 1
Ci1=~19B-102K¢
8-17 C823 MIL CAPALITOR |Fixed Mica, 470uuf, 10%, 500vdc 1
Q=19B=-471K
8-18 CR801~ Hughes DLOLE 11
CREOS HDE2R7
CR809-
CR815
8-19 CH816~ G 3. X! SH30 9
CR824 LNLE95
8-20 CRE05- Pacific DIUDE 4
CR808 Semiconductor
P3030
8-21 801 Bussmann FiE,f 1 |Amp 1
AGC
8-22 3801~ fldema LAMP. Negon to $pec. 21C-3864-7 4
3804 10G12-4535
8-23 1801 uTc INDUQTOH 2
L&02 MgA~-12 ’
8-24 1803 UTeG INDUGIOR 1
HVC-8
8-25 PBOL Cunnon PI{iG .| Malle, | 50 | Pin Contact, 5 Amp Rating 1
Di~50P
8-261  R802 MIL Rip IIOR  Fixed Composition, 430K, 5%, MW 1
RC20G14343
8-27 R803 MIL REBIS[IOR], ijxed Composition, 240K, 5%, B 5
RE09 RC20GFR44LJ
R811
1820
R821
|
1
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1TEM
NO.

REFER,
DESIG-
NATOR

CLASS

STOCK
NO.

MFG. AND
PART NO.

L=20

8-29

8-33

8-36

§-37

§-38

7-14

REQH
1883
1823
R8RS
RE26
RE29
g3l
H834-
R837
K61
RE66
ne77
HEe0
negl
1854

REOO
1630
R859

R8O7
1862
RE6S

11615
RE19

K816

w817
1816
R¥33
He68
R869
R871

1828
839
RB45
RE51

RE32
RE38
R844
#850
R863
R864
RE867
R870
R872

R857

R810

R808
11856
R858

L
RC20G1I104K

1 Ih
RC0GI563:.

MIL
RC20GF124K

MIL
RC20GF224K

MIL
RC20GE102K

MIT,
RC20G1%23J

MIL
RC20G 2044

MIL
RC20G1H624J

MIL
RC0GF333K

MIL
RC20GEF202J

HIL
RC20GI105K

—

5 i s 7 8

DESCRIPTION - UNIT |+ OCURE-|  UNIT

PER ENT COSY

7 ASSY. ODE (EST.}
lixefl Composition, 100K, 10%, M 17
. Fixed Composition, 56K, 10%, W 3
. Flxed Composition, 120K, 10%, W 3
Fixed Composition, 220K, 104, 3 2
Fixed Composition, 1K, 10¥, W 1
#lxed Composition, 62K, 54, W 6
i{xed Composition, 200K, 5%, e 4
#ixed Composition, 620K, 5%, EL 9
F{xed Composition, 33K, 10%, 1
Fixed Composition, 2K, 5%, W 1
Fixed Composition, 1if, 10%, 3
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ITEM REFER. MFG. AND DESCRIPTION UNIT | PROCURE. UNIT
NO. DESIG- PART NO. PER MENT cosr

NATOR 7 ASSY.| CODE (EST.)

8-39 | R827 MIL Fixed Composition, 1.2M, 10%, W 2

R855 RC20GF125K
8-40 R860 MIL . 'YXEL] Composition, 2.2K, 10%, W 1
RCR0GFR22K
8-41 R814 MIL Fixed Composition, 2.2K, 10%, 2W 1
RC42GI222K
8-42 R840 MIL 1xed Composition, 43K, 5%, 2W 6
R84 RC42GF433J
R846
R847
R852
R853
8-43 R842 MIL ¥{xed Composition, 2M, 5%, W 1
RC20GF205J
8-44, R873 MIL F'{xed Composition, 100 ohms, 10%, 2W 2
R874 RC42GF101K
8-45 RR7G MIL "{xed Composition, 510 ohms, 5%, 2W 1
RC42GF511J

8-46 K875 Ward Loonard "{xed Wire Wound, 8K, 10W 1

10FE000
8-47 R878 Ward Leonard FIis ] Wire Wound, 3K, 10W 1
103000

8-48 R876 MIL Fixed| Composition, 2K, 5%, 2W 1
RC42G17202d

8-49 R843 Allen Bradley WMETHR, R.5M, 2W, Linear Taper 2

R849 JA110408255UC

8-50 R822 Allen Bradley OYETHR, 50K, 2W, Linear Taper 1
JAL110405503UC

8-51 R801 Allen Bradley {ETHR, [LOOK, 2W, Linear Tuper 1
JALIDL0S104UC

8-52 R8O HIL Filed| Composition, 270 ohms, 10%, ¥ 1
RC20GF271K

8-53 R812 MIL Filxed| Composition, 4.3K, 10%, 3 1
RC20GF4 32K

8-54 R813 MIL Fixed Composition, 47K, 10%, W 1
RC20GF473K

8-55 RE48 MIL Fixed Composition, 1M, 5%, W 1
RC20GF105J

8-56 R882 MIL Filxed Composition, 43K, 10%, W 1
RC20GF433K

~

-15
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TEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT { PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT cosTt

NATOR 1 2 3 4 5 &6 7 ASSY, CoDE (EST.)
8-57 T801 Triad PApHSPORMER 1
J0-13
8-58 T802 Chicago Std. TRANGSIORMER 1
PHC~60
8-59 TJ801 Cannon CONNELTOL, Pemdle, 50 Pin Contact, 5Amp Rating 1
Db-508
8-60 V801 Comm TUBE | Elkctyon 1
6660
8-61 V802 Comm TUBE .| Elkctyon 5
V803 593
VB05-
veo7
8-62 V804 Comm TUBE,| ElpctTon 5
vaos- 12AT7
V81l
8-63 V812 Comm TUBE,| Elpctton 2
V815 0B2
8-6/ V813 Comm TUBE,| Elbetton 2
V8l 0A2
8-65 Xxcao8 JAN SOCKE[R, Pct4l, Mica Filled 3
XC832 TS101P01
Xc833
8-66 X801~ Eldema IN')IC[\TOI HOLOER 4
X804 11H4593
8-67 XF801 Bussmann FU%E HOLPER 1
HKP
8-68 Xv802- JAN SOCKEM, 9 Pin Hiniature, Mica Filled 10
Xvell TS103P01
8-69 Xv8ol JAN SOPKEL, V7 Pin lliniature, Mica Filled 5
xV8l2- _ 5102 FO1
Xv815
8-70 JAN SH{ELp, {fubd 1
TS102U02
8-71 JAN SHIELD, {fubdg 4
15102003
8-72 JAN SH{ELpP, {fubd 10
TS103U02
8-73 Eldema LE§S (AP (Tgandlucent) 3
11H-4110
8-74 Eldema IEYS €AP| (Rdd) 1
11H-4119
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] 2 3 2 - 5 . 3 7T ®
ITEM REFER. CLASS | STOCK' MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT cQst
NATOR 1 2 3 4 5 6 7 ASSY.| CODE (EST.)
4-1 MEC ASHEEMBPLY], BOWER SUPPILY 1
165-4C
4-2 | C401 Mallory CAPACIITOR, fomputer Grade, 4000uf 60 vdc, 5
C402 20-71937 2-1/1  4-) /2L Alum. can with acetate sleeve,
C421-C4a23
4-3 | c403 Cornel Dubilidr CAPACITOR, Fixed, Mylar, .0luf 400 vdc 4
C425 PM4S|
C443
C444
4-4 1 C424 Cornell Dublligr ICA[PAICITOR, lLixed, Mylar, .1luf 400 vdc 1
PM4P1
4-5 | 404 Fansteel ICA[PA|CITOR, Blu-cap, 100uf 30 vdc 2
426 F308-1
4-6 | C441 Mallory ICAIPA[CITOR, Computer Grade, 2000uf 100 vdc, | 2
C442 20-71855 2-V/1p %[4-1/2] Alum. can with acetate sleeve.
4-7 | €445 Fansteel CA|PAICTTOR, Blu-cap, 30uf 100 vdc 1
F3lé6-1
4-8 {CR401 G, E. RECTIIFIER 3
CR421 4JAZ1IABLAC2
4-9 | CR402 International DIODE, V.erder (1Z74.7) 2
CR422 Rectiiier
IN1519
4-10} CR442 Internationat DIODE., Kerer (1712) 1
Rectifier
IN1524
4-111F401 Bussmann FUSEl 1|Amp 2
403 AGC
4-12{F402 Bussmann FUSE, 3{An]p 1
AGC
4-13] F404 Bussmann FUST] Flusdtrdn, Slo-Blow, 3 Amp. 1
MDX
4-14| P401 Cannon ideivie 1
D -50P
4-15] Q423 DPelce TRANSI§JTOR, [(Mount with Parts #100 & #101) 2
Q442 2N8%3
4-16] Q401 Delco TRANSI4TOR, [(I.ug type Leads) 4
Q421 2N443
Q441
Q422
)
4-171 Q402 G.E, TRANSIJTOR | 4
Q403 ANS2S
Q424 |
Q443 ] |
4-18| Q404 Sylvanta T RA NSI§TOR 3
Q425 2N37TA 1
Q444
4-19| R401, R402 Ward Leonard; RESIGTYR, [Axjohm, 12 SW [
R421A 5X1
R421B
R441
R442 ; f
4-20{ R403 Ward Leonnrd RESIGTAR, [Axjohm, 20 5W 2
R443 5X2 1
4-21] R404 MIL, RFISI4TQR, |Fited composition, 1K +10% 2W 3
R425 RC42GF102K
R444
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1 2 3 ST 5 ] s 1 7 8
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT [ PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT cost
NATOR 12 3 4 5 6 7 ASSY.| CODE (EST))
4-22 | R405 MIL, RESIGTYR, |[Fifed composition, 150Q x10% 2W 1
RC42GF 151K
4-23 | R406 MIL, IREBISTAR, |[Fijed composition, 680Q £10% 1/2W | 1
RC20GF681K
4-24 | R407 MIL, IRESSISTOR, |[Fijed composition, 100Q £10% 1/2W | 3
R428 RC20GF101K
R447
4-25| R408 MIL RESI$T( R, |Fiked composition, 1,2K $10% 1/2W| 1
RC20GF122K
4-26| R409 MIL RESISTOR, |Fiked composition, 8,2K +10% 1/2W | 3
R430 RC20GF822K
R449
4-27] R410 MIL, RESI$TQR, |Fiked composition, 620Q 5% 1/2W 3
R431 RC20GF621J
R450
4-28| R411 MIL RESI$TQR, |Fiked composition, 4.7K £10% 1/2W| 2
R432 RC20GF472K
4-29| R412 MIL RHSI$TQR, [Fiked composition, 120Q +10% 1W 1
RC32GF121K
4-30| R414 Chicago Tel, POTENTIOMEIER, 25Q 2W 2
R435 RA20LASB250A
4-31] R415 MIL RESI$TOR, |Fiked composition, 82Q 5% 1W 1
RC32GF820J
4-32( R413 MIL RHESISTOR, | Fiked composition, 1302 £5% 2W 1
RC42GF131J
4-33| R422 Ward Leonard RESI§TOR, | Fiked, Wire wound, 1@ 10W 1
10F1
4-34| R423 Ward Leonard RHYSI$TOR, | Fiked, Wire wound, 2Q 10W 2
R424 10F2
4-35] R426 Ward Leonard RESISTOR, |Fixed, Wire wound, 1502 10W 2 |
R437 10F 150 i
4-36| R427 MIL, RESISTR, {Fiyed composition, 680Q :10% 1W 2
R446 RC32GF681K
4-37{ R429 MIL RESISTOR, [Fited composition, 1.2K £10% IW 2
R448 RC32GF122K
4-38| R433 MIL [RESISTQR, |[Fixed composition, 270Q $10% 2W 2
R416 RC42GF271K
4-39| R436 MIL RIESIJTR, |Fijed composition, 51Q £5% 1W 1
RC32GF510J
4-40| R434 MIL IREISIGTUR, |Fized composition, 180Q +5% 2W 1
RC42GF'181J
4-41| R451 MIL, RESIQTQR, [Fited composition, 3K 5% 2W 1
RC42GF302J
4-421 R453 ' Allen Bradley PATENTIOMETER, 1002 2W, Linear Taper 1
JLU-1011 or
JA1L0405101UC
4-43 | R454 MIL, RESISTOR, [Fijed composition, 2, 7K 15% 2W 1
RC42GF2727
4-44 | R455 Ward Leonard REBISITAR, |Fited, Axiohm, 500Q 5W 1
5X500
4-45 | R452 MIL REBISTOR, [Fided composition, 560 5% 1w 1
RC32GF561J
4-46 | R445 Ward Leonard REBISTOR, Fided, Wire wound, 250Q 10W 1
10F250
4-47 | T401 TTI 5486 TRANBFORMER 1
|
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\ 2 3 - 4 o 5 6 7 []
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO, PER MENT COosY

NATOR 1 2 3 4 5 6 7 ASSY, CODE (EST.)
4-48) TJ401- H.1l. Smith JACK], Midget [Banana (Black) 4
TJ404 221
4-49( XIrr401- Bussmann FUSHHQLDF.R 4
XF404 HKP
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CHAPTER IX

SCHEMATICS AND DIAGRAMS
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LOCATION DESCRIPTION

¥ I
! 4
' Ov ¥ TI3 Sample Pulse from Control - 10 microsec pulse
A _7J2 01-28 occurs at 8 MSec intervals indicating data levels
(72-34) are up.
TJ301-33 EOW from Control - 0 volts signifies EOW;
(72 - 3A)

level remains until SOW from buffer occurs.

T Data Rit lone hit) frare Ry ffaan ey S TP, A
I ; I A\ wesT madv) 4L adi 25QRkalT - Lypitalr LOI'Cc oul-
OV Ho-HHHH R T T(.I‘;Ol-4 : put for a "1"
e 72-4A) i
10 microsec/division and 5v/division
Ov - _
i Output Data Line from Output Register - a "1" is
- TJ501-33 , a 0 volt level, reset occurs at 0. 5 MSec before
! ¥ - (72-54A) next bit.
i I
v I
\ 1 MSec/division and 5v/division
.»":
0 ———
\ M ' :E : 8:1 Counter Gate (timing logic) - 0 volts at SOW
] E: ] TI601-4 from the buffer and 15 volts at EOW from the
1 PEY YN FUEVY VYU UUY: SN DU IV DU PO (72 - 6A) buffer gates the 8:1 counter ON (at delayed SOW)
: ] and OFF (at delayed EOW) and also operates the
\ - _— : SOW indicator on the control,
J
\j 50 MSec/division and 5v/division
\
ov ] ; Shift Register Gate from the Timing Logic -
{ r: r gates data in the output register from the
; l 3 ' TI601-17 ; cores into flip-flops; between 8 and 1 counts
i AR \ (72-6A) of the 8:1 counter. Information is read out
’«\ of the cores at the midpoint of the positive
g 5 pulse or at 0.5 MSec after the leading edge
; e-— of the positive pulse.
{ . s
1 MSec/division and 5v/division
“'2 NOTE: These waveforms were taken with the system in Figure 9-5. Waveforms
{ test mode with a data pattern of all "1, =
g b 9-11
‘(

—
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APPENDIX




DATA LINE AMPLIFIER
MEC MODEL 71-8 A

1. GENERAL

1-1. The Data Line Amplifief receives data in the form of modulated tone bursts of
approximately 2 kc at a 1 kc repetition rate from 3 kc voice channels on balanced or un-
balanced communication lines, equalized for 1 kc daté bit rate. The tone bursts for data
are 0.5 milliseconds. The bursts for Start of Word (SOW) and End of Word (EOW)may
vary in length depending on the system in which the Data Line Amplifier is used. In some
systems, SOW and/or EOW may not be used. The outputs are a 1 kc sinusoidal waveform
which is synchronized to data, and pulse outputs of 10 to 20 volts, depending upon termination,
approximately 10 microseconds wide, for data, SOW, and EOW. The pulse outputs are
cathode follower outputs and require terminating resistors external to the chassis. The Data
Line Amplifier Input-Output Relationships figure shows the relationships of incoming and
outgoing data. The unit operates on 115 volts + 10 vac and has a self contained power supply

for generating regulated +250 volts and -250 volts for use within the chassis.

DS 803
DsS802 DS 804
/)
DsS80l
F 80l

Data Liine Amplifier
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2. DETAILED DESCRIPTIOM

2-1, Incoming Signals -~ Data enters the chassis in the form described in paragraph
1-1, at pins 15 and 17 of P801, The inputs are connected to pins 1 and 2 of the bridging
transformer T801, which has a 10, 000 ohm input impedance, External resistors must be
used to match the communication line impedance, normally 600 ohms. This makes it possible
for one or more receiving line amplifiers to be used on a single circuit, if so desired. The
signal is then filtered in a band pass filter for noise rejection before entering the first stage
of amplification. The incoming signal can be seen unfiltered at TJ801, pin 16, However,
at this point, the circuit is loaded with the filter impedance and does not give a true represen-
tation. The filtered signal can be seen at TJBOI, pin 50, Potentiometer R801 provides level
selection of the incoming signal to the amplifier and is nominally set for a signal swing of
approximately 0.5 volts peak to peak at pin 2 of R801. The filtered signal is a-c coupled to
the control grid, pin 1, of V801, This is a remote cut-off pentode tube with AGC applied as
bias to the control grid through R802. The signal at the output, pin 5 of V801, is a-c coupled
to the grid (pin 2) of V802A which provides the second stage of amplification. The output of
V802A pin 1, drives a phase splitter, VB02B at pin 7, which has outp\its at pins 8 and 6 which
are out of phase; that is, when pin 6 is going positive, pin 8 is going negative and vice versa.
An output at the junction of R812 and R882 in the cathode of V802B is provided for purposes of
recording the data on tape. Each output of the phase splitter drives one-half of V803, a push-
pull amplifying stage with a common cathode resistor, R816. The outputs of V803, pins 1 and
6, drive the detector, composed of diodes CR801, CR802, and related circuitry. The anodes
of these diodes are clamped to 0 volts by diode CR803. Potentiometer R822 determines the
d-c bias at the cathodes of the detecting diodes, and in this way determines the amount of the
negative going a-c component of the signal from V803 which will appear at the grid, pin 2 of
V804A. VB04A is an amplifier which is biased near full conduction by R883 and CR803 which '
clamps the grid voltage to 0 volts. Negative going pulses from pin 1 or 6 of V803, which
exceed the bias voltage determined by R822, cause diode CR801 or CR802 to conduct, turning
off V804A and producing a positive pulse at its output, pin 1. Negative pulses at the diode
detector output also conduvct through diode CR804, are filtered, and applied to the grid of
V801, the first stage of the amplifier, for AGC action. The detected signal at the -output of
V804A is amplified and inverted by V804B which drives the logic circuitry. The waveforms
of the detected signal are shown in.the Data Line Am};lifier Waveform Figure.

2-2, Logic - The negative going edge of the detected signal 'triggers the data one-shot,
V805, a 450 microsecond one-shot, which in turn produces a positive going pulse at pin 6
triggering thé SOW one-shot V806, and the EOW one-shot V807; three conditions are now
possible:

a. The incoming signal is a data burst. In this case, the data one-shot V805,

completes its time delay in 450 microseconds and triggers off the SOW and EOW one-shots as
pin 6 of V805 goes negative.
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b. The incoming signal is.a SOW burst. In this case, the data one-shot continues
to receive negative pulses and does not complete its time delay in 450 microseconds. The
SOW one-shot V806, is not triggered off, but completes its time delay at a time determined
by R849 (normally 2 milliseconds), The EOW one-shot V807, is triggered off by the data
one-shot because the incoming code burst has ended (normally 2.5 milliseconds) before the

EOW one-shot could complete its time delay.

c. The incoming signal is an EOW burst, When the data one~shot is held on for
that duration, both the SOW and EOW one-shots complete their time delays before the data
one-shot can trigger them off. The period of the EOW one-shot is determined by R843 and

is normally 4 milliseconds,

2-3, As the SOW one-shot is triggered on for every data code burst, its output at pin 6
is used to drive the data output cathode follower at pin 7 of V808. This reduces loading on
the data one-shot, The grid of the data cathode follower is biased at approximately -25 volts.
The cathode is normally returned through an external resistor to -20 volts. The cathode fol-
lower will now conduct when positive pulses occur at the grid, producing a positive output
pulse approximately 10 microseconds wide at the mid-point and 20 volts in amplitude, each
time there is an incoming data burst, SOW burst, or EOW burst. A neon indicator, DS802,
connected to the plate, pin 1, of the data one-shot V805, indicates when data is triggering
the data one-shot. This data indicator glows faintly during data absence, but increases in

intensity when data is present,

2-4. SOW is recognized by the fact that the SOW one-shot has completed its time delay
before the data one-shot has returned to its quiescent state (this will occur for both incoming
SOW and EOW). When the incoming signal consists of data bursts, and the SOW one=-shot is
being triggered on by the leading edge of the data one-shot, and off by the trailing edge, the
two one-shot waveforms have basically the same width. The negative going pulse from the
data one=-shot, pin 1 of V805, is connected to the plate of CR806, which is one'leg of a diode
gate for detecting SOW. The positive going pulse from the SOW one-shot, pin 6 of V806, is
connected to the plate of CR805, which is the remaining leg of the gate for recognizing SOW.
When the two pulses to CR805 and CR806 have the same width, the junction of the two diodes
is maintained positive, keeping the grid of V810B, pin 7, at a voltage which will retain that
half of the tube in full conduction, as diode CR811 clamps the voltage to the grid at 0 volts,
Capacitors C817 and C825 filter spikes that occur as a result of slight discrepancies of
switching times. When an SOW burst occurs, the SOW one-shot completes its time delay, but
the data one-shot is still on, This situation produces a voltage which is approximately +20
volts at the plates of both CR805 and CR806, causing the junction of the two diodes to drop to
approximately 20 volts where normally one of the two one-shots had maintained this point
at approximately +200 volts, The voltage divider consisting of R834, R835, and R863,

which is returned to -250 volts, now produces a negative voltage at the grid (pin 7) of V810
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turning the tube off and producing a positive pulse at pin 6, the output. After differentiation,
this pulse drives a cathode follower, V808A, which is identical to the data cathode follower
just discussed. A neon indicator at the plate, pin 6, of V810B indicates when SOW has been
detected, The SOW gate will recognize the same set of circumstances for EOW, as this
produces the same condition of the SOW one-shot time delay, ending before the incoming code

burst allows the data one-~shot to return to its quiescent state.

2-5, EOW is recognized in a similar manner as SOW. The EOW one-shot V807, is
triggered on and off by the data one-shot which applies positive and negative pulses at its
grid, pin 2. As this one-shot is set for a period exceeding that of the SOW one-shot, when
a SOW burst occurs, it will not have completed its time delay before the data one-shot re-
covers from the SOW burst. On an EOW burst, the same circumstances are produced with
the EOW one-shot as just described for the SOW one-shot. The data one-shot produces a
negative pulse to the plate of diode CR807, as it did to CR806. The EOW one-shot produces
a positive pulse to the plate of diode CR808. During data bursts, the EOW one-shot is
triggered off by the data one-shot, and both pulses are of approximately the same width.
When an EOW burst occurs, the data one-shot is kept on, and the EOW one-shot completes
its time delay. This produces a negative pulse to the grid (pin 2) of V809A similar to that
previously discussed for SOW, The output at pin 1 of V809 is a positive pulse for EOW recog-
nition, which drives pin 7 of V809B, the EOW output cathode follower. This cathode follower
is identical to the data and SOW cathode followers. A neon indicator is connected to the plate
of V809 A which indicates the detection of EOW,

2-6. Oscillator - The oscillator within the Data Line Amplifier provides a 1 kc sine
wave synchronized to data, and is used by external sources as a means of determining the
data bit rate, often referred to as clock. This is necessary as an accurate means of deter=-

mining whether an absence of data represents one or more 0 bits.

2-6.1, The basic oscillator, V810A, is similar to a standard Colpitts configuration.,
The frequency is varied by adjusting variable inductor L803. The oscillator is synchronized
to incoming data by V811B, Each time a data bit is recognized, one-shot V806 is triggered.
Its output, a positive pulse at pin 6, pulses V811B through capacitor C816. Since inductor
L.803 is in series with the cathode of V811B, each time the tube is pulsed, current flowing
through the tube also flows through L803, which is within the tuned circuit of the oscillator.
The output of the oscillator, at pin 3, drives a cathode follower, V811A, whose output at pin
3 is a=c coupled to the output terminal, pin 7 of P801, as 1 kc output.

2-7, Power Supply - 115 vac enters the Data Line Amplifier at pins 34 through 37 of
P801. DS801 indicates when power is on, The a-c power is connected through fuse F1 to the

primary of transformer T802. A secondary, pins 3 and 5, provides 6, 3 vac for tube filaments,
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A secondary, pins 8 and 10, provides 600 vac center tapped at pin 9 to 0 volts, Three diodes
in series are used for rectification to safely meet the voltage requirements, Diodes CR816
through CR821 provide full wave rectification for +250 volts. Resistors R873, R878, and
R879 and capacitors C834A and C834B provide filtering. Regulation of the +250 volts is
performed by two VR tubes in series, V814 and V815, Half wave rectification, via diodes
CR822 through CR824, is used for -250 volts. Filtering and regulation are similar to the
+250 volt supply.

2-8, Adjustment - Three basic types of adjustments are to be made on the Data Line
Amplifier,

2-8.1. Oscillator - The oscillator frequency ivs adjusted to 1 kc by adjusting
variable inductor L.803, Before the oscillator can be properly adjusted, the synchronizing
effect of incoming data'must be removed. One method of accomplishing this is to adjust
R801 until the center tap is at 0 volts, The oscillator no longer receives sync pulses and is
then in a free-running condition. Using a dual-trace oscilloscope such as a Tektronix 545A
with CA plug-in, synchronize and put one trace on a good 1 kc source. If a local source is
not available, data from a Data Line Amplifier, preferably with an input test pattern of all
""1"s offers a suitable source. Use the remaining trace to observe pin 3 of tube V810, 1803
should be adjusted to produce a frequency equal to the test frequency. By ultimately using a
sweep on the scope which displays only one or two cycles, the operator can insure that the

two signals are actually at the same frequency.
NOTE

At relatively slow sweeps, the two waveforms may have the
appearance of being synchronized. If going to a faster sweep
results in double traces, the two waveforms are not yet syn-

chronized.
Rolling of one trace with respect to the other should be expected, but it is readily possible to
adjust the oscillator to within a few cycles per second of the external source. A normal
adjustment of +3 cps is satisfactory.

NOTE

An alternate method of adjusting the oscillator using a

frequency counter is acceptable.

2-8.2, Level and Detection - The ideal settings for the level and detection controls
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are best determined i)y examining the detected waveform output, TJ801-48. It is convenient
for the remainder of the adjustments to use the delayed sweep feature of the oscilloscope.
Using EOW, TJ801-9, as sync, and the delayed sweep, it is possible to examine incoming
data occurring over a relatively long period at magnifications where the full sweep displays
only a few milliseconds of data, and the scope still maintains sync on a stable source.
The level and detection controls, potentiometers R801 and R822, should be adjusted until the
detected waveform TJ801-48, has the appearance shown in the Data Line Amplifier Wave-
form Figure. The detected waveform is nominally a 15 to 20 volt negative pulse. It can be
noted that for each bit of data, the ideal waveform produces two negative pulses, each with
full amplitude,. and squared at the bottom. It is also acceptable and common, due to fre-
quency rolling, to have one of the two pulses of a lesser amplitude. It is unacceptable to
have three pulses, specifically because the data one-shot is re-triggered on the third pulse
making the output of V805 excessively wide. Proper adjustment, therefore, constitutes the -
obtaining of maximum amplitude and squareness of the detected signal without detecting three
pulses for a data bit, If the adjustments have been made properly, one data pulse will appear

at TJ801-13 for each data burst on the input at TJ801-50,

2-8.3, SOW and EOW One-Shots - The SOW and EOW one-shots are variable
because the length of the SOW and EOW code bursts depend upon the system in which the Data
Line Amplifier is used. These one-shots are normally set for a period that produces a pulse
which is 0.5 milliseconds shorter than the incoming code burst for that signal. For example,
if SOW is a 2.5 millisecond burst, the SOW one-shot is adjusted for 2 milliseconds. If EOW

is a 4.5 millisecond burst, the EOW one-shot is adjusted for 4 milliseconds.

2-8.3.1, To properly adjust the SOW one-shot, using the delayed sweep of
the oscilloscope as previously described, synchronize on EOW at TJ801-9 in the Data Line
Amplifier. On one trace observe the data input, TJ801-50, On the remaining trace observe
the SOW one-shot, TJ801-44. Adjust the time delay of the scope sweep until a SOW burst is
seen, It is necessary to observe the one-shot pulse occurring during the SOW burst because
during a data burst the SOW one-shot is triggered off by the data one-shot and not allowed to
complete its time delay. Adjust potentiometer R849 to set the SOW one-shot for the desired
width, Adjust the time delay of the scope until an EOW burst is seen, Observe the EOW
one-shot, TJ801-46 and set potentiometer R843 for the desired width,
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TRANSISTOR POWER SUPPLY
MEC MODEL 165-4 C

1. GENERAL DESCRIPTION

A Milgo type 165-4C Power Supply has three outputs: the first, a +12v, (+lv, -3v) at 1
ampere output; the second, a -20v, (+2v, -6v) at 2 amperes output; and the third, a -65v
(+5v) at one ampere output. The -65v supply is stacked on the bottom of the -20v supply,
thereby giving an output of -85v. The a-c input of this supply can vary from 100vac
to 130vac and from 45 to 60 cycles. The unit is mounted in a standard Milgo slide-type rack
and has a front panel 8-3/4 inches high by 8-7/8 inches wide. Its weight is approximately
35 pounds.

2SR 2VvES VPRI :

2-1. A portion of the output of transformer T401 is rectified by abridge rectifier CR401
and filtered by resistor R401 and capacitors C401 and C402. The voltage across capacitors
C401 and C402 is normally 20v (approximate). Transistor Q401 and resistors R402 and R403
act as a variable resistance element in series with the output load, which can be varied to
maintain a constant output voltage across a variable load. As the load current increases,
the effective resistance of Q401 is decreased so that the IR drop across R402, R403, and
Q401 will remain constant producing a constant output voltage. If the input a-c line voltage
should increase, the d-c voltage across filtered capacitors C401 and C402 would increase
and the effective resistance of Q401 must increase again so that the output voltage will remain

constant.

Transistor Power Supply
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2-2. The effective résistance of Q401 is controlled by the control section, consisting of
transistors Q402, Q403, Q404, and their associated circuitry. Q404 determines whether
the output voltage is too high or too low and is followed by power amplifiers Q403 and Q402,
which amplify the control signal to the necessary power level for driving Q401. The base
voltage of Q404 is referenced from the output of 4.7v zener diode CR402. The emitter
voltage of Q404 is determined by the resistor divider network of R413, R414,and R415, The
voltage from the wiper of potentiometer R414 is applied to the emitter of Q404,

2-3. As the output voltage increases, the magnitude of the voltage from the wiper of
R414 will also increase proportionally.  Since the output across zener diode CR402 remains
constant as the output voltage increases, the emitter voltage tends to go positive with respect
to the base voltage, driving Q404 toward cutoff. As Q404 goes toward cutoff, there is less
collector current through R410, so there is less base current in Q403. The emitter current
of Q403 decreases, reducing the current through R407 and base current of Q402. With less
base current in Q402, the emitter current decreases, reducing the base current of Q401,
With less base current, the effective resistance of Q401 will increase. Therefore, the output

voltage decreases until Q404 senses the correct relationship between the output voltage and
the zener voltage of CR402,

2-4. If the output voltage decreases below the desired value, the portion of the output
voltage applied to the emitter of Q404 also decreases, tending to make the emitter more
negative with respect to the base. This increases the collector current of Q404, which in-
creases the base current of Q403, thus increasing the emitter current of Q403 and the base
current of Q402. This in turn increases the emitter current of Q402 and the base current of
Q401, which reduces the effective resistance of Q401, causing the output voltage to return to

its regulated value. Q404 actually is matching the zener voltage to the emitter voltage,

2-5. Since a portion of the output voltage applied to the emitter of Q404 can be varied by
potentiometer R414, and the emitter voltage of Q404 is to remain constant, the output voltage
must be changed as the resistor R414 is changed. Inthismanner, the regulated output voltage
canbe adjusted over a range of +9v to +13v, Capacitor C403 has been added to prevent hunting,
Resistors R402 and R403 are included to limit the peak current through transistor Q401 to a
safe value if the output terminal is short circuited, and to provide reverse bias for Q401 and
Q402. Resistor R404 provides a path for the leakage current of Q402 so that this currentdoes

not affect the base currentin Q401, allowing Q401 tobe more nearly cut off during a light load.

3. -20v SUPPLY

3-1. A second portion of the output of transformer T401 is rectified by bridge rectifier
CR421 and filtered by parallel resistors R421A and R421B, and capacitors C421, C422, and
C423. The d-c voltage across capacitors C421, C422, and C4231is 30v (approximate). Trans-
istors Q421 and Q422 with their associated resistors R423, R424, and R422 act as a variable

resistance element in series with the output load, which can be varied to maintain a constant
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output voltage acrossavariableload. As the load current increases, the effective resistance
of Q421 and Q422 is decreased so that the IR drop across R422, R423, R424, Q421, and Q422

will remaia constant, producing a constant output voltage.

3-2. Iftheinputa-clinevoltage should increase, the d-c voltage across filter capacitors
C421, C422, and C423 would increase, and the effective resistance of Q421 and Q422 must
increase again to keep the output voltage constant, The effective resistance of Q421 and Q422
is controlled by the control section, consisting of transistors Q423, Q424, and Q425 and their
associated circuitry. Transistor Q425 determines whether the output voltage is too high or
too low and is followed by powér amplifiers Q424 and Q423, which amplify the control signal
to the necessary power level for driving Q421 and Q422. The base voltage of Q425 is refer-
enced from the output by a 4,7v zenerdiode CR422, The emitter voltage of Q425 is determined
by a resistor divider network R434, Rd435, and R436. The voltage from the wiper of potentio-
meter R435 is applied to the emitter of Q425,

3-3. As the output voltage increases, the magnitude of the voltage fromthe wiper of R435
will increase proportionally. Since the output across CR42Z remains consiant as the sutput
voltage increases, the emitter voltage tends to become positive with respect to the base
voltage, driving Q425, which is an NPN transistor, toward cutoff. As Q425 goes toward
cutoff, thereisless collector current through R431, and consequently, thereisless base current
in Q424. With less base current in Q424, the emitter current of Q424 decreases, With less
emitter current in Q424, the current through R428 and the base current of Q423 also decrease.
This reduces the emitter current in Q423 and reduces the base current in Q421 and Q422.
Lessbase currentinQ42! and Q422 increases their effective resistance, which increases the
IR drop across them., Therefore, the output voltage decreases until Q425 senses the correct

relationship between the output voltage and the zener voltage of CR422,

3-4. Conversely, if the output voltage decreases below the desired value, the portion of
the output voltage applied to the emitter of Q425 also decreases, tending to make the emitter
more negative with respect to the base. This increases the collector current of Q425, in-
creasing the base current of Q424, which in turn increases the emitter current of Q424 and
thebase current of Q423. This, in turn, increases the emitter current of Q423 and the base
current of Q421 and Q422, reducing the effective resistance of Q421 and Q422, and causing
the outpu;: voltage to return to its regulated value. Transistor Q425 is actually matching the

zener voltage to the emitter voltage.

3-5. Since a portion of the output voltage applied to the emitter of Q425 can be varied by
potentiometer R435, and the emitter voltage of Q425 is to remain constant, the output voltage
will have to be changed as the resistor R435 is changed. In this manner, the regulated
voltage of this supply can be adjusted from -14v to -22v, Capacitors C425 and C424 provide

feedback for stabilization purposes,

3-6. Resistors R423 and R424 serve twofunctions., First, they force the collector current

of Q421 and Q422 to balance. Since the bases are tied in common, if one transistor conducts
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more than the other, the higher IR drop in their associated resistor would tend to reverse
bias the transistor with the most current and, in this manner, force the currentstobalance.
Second, if the output supply is shorted, resistors R422, R423 and R424 limit the peak current
through Q421 and Q422 to a safe value while fuse F'402 is melting. Resistor R425 provides a
path for the leakage current of Q423 so that this leakage current does not affect the base
current in Q421 and Q422. This allows Q421 and Q422 to be more nearly cut off during a
light load.

4, -65v SUPPLY

4-1. A third portion of the output of transformer T40l is rectified by a bridge rectifier
CR441 and filtered by resistor R441 and capacitors C44] and C442. The voltage across
capacitor C441 and C442 is normally 75v (approximate). Transistor Q441, and resistors
R442 and R443, act as a variable resistance element in series with the output load, which can
be varied to maintain a constant output voltage across a variable load., As the load current
increases, the effective resistance of Q441 is decreased so that the IR drop across R442,
R443, and Q441 will remain constant, producing a constant output voltage. If the input a-c
line voltage increases, thed-cvoltage across filtered capacitors C441 and C442 will increase

and the effective resistance of Q441 must increase again so that the output voltage will re-

main constant.

4-2. The effective resistance of Q441 is determmed by the control section, consisting of
transistors Q442, Q443, and Q444 and their associated circuitry., Q444 determines whether
the output voltage is too high or too low and is followed by power amplifiers Q443 and Q442,
These amplify the control signal to the necessary power level for driving Q441. The emitter
voltage of Q444 is referenced from the output by a 12v zener diode CR442, The base voltage
of Q444 is determined bythe resistor divider network of R452, R453, and R454. The voltage
from the wiper of potentiometer R453 is applied tothe base of Q444. The zener is referenced

from the positive side of this supply to reduce the emitter-to-collector voltage of Q443 and
Q444 to less than 25v,

4-3, As the outputvoitage increases, the magnitude of the voltage from the wiper of R453
will also increase proportionally, Since the output across zener diode CR442 remains
constant as the output volts increase, the base voltage tends to become negative with respect
to the emitter voltage, driving Q444 toward cutoff, As Q444 goes toward cutoff, thereisless
collector current through R450 and less base current in Q443, The emitter current of Q443
decreases, reducmg the current through R447 and the base current of Q442 With less base
current, the Q44Z emltter current decreases, reducing the baae current of Q441, With less
base current, the effective resistance of Q441 increases. Therefore, the output voltage de-

creases until Q444 senses the correct relationship between the output voltage and the zener
voltage of CR442,

4-4. If the output voltage decreases below the desired value, the portion of the output

voltage applied to the base of Q441 also decreases, tending to make the base more positive
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with respect ;o the emitter, This increases the collector current of Q444, increasing the
base current of Q443, and increasing the emitter current of Q443 and the base current of
Q442. This in turn increases the emitter current of Q442 and the base current of Q441, re-~
ducing the effective resistance of Q441, and causes the outputvoltage to increase and to return

to its regulated value. Q444 is actually matching the zener voltage to the base voltage,

4-5, Since a portion of the output voltage applied to the base of Q444 can be varied by
potentiometer R453, and the base voltage of Q444 is to remain constant, the output voltage
will have tobe changed as the resistor R453 is changed. In this manner, the regulated output
voltage can be adjusted over a range of -60v to -70v., Capacitors C443 and C444 have been
added to prevent hunting. Resistors R442 and R443 are included to limit the peak current to
transistor Q441 to a safe value if the output terminal is short circuited, and to provide re-
verse bias for Q441. Resistor R444'provides a path for the leakage current of Q442 so that
this current does not affect the base current in Q441, This allows Q441 to be more nearly

cut off during a light load. This -65v power supply is stacked onthe bottom of the -20v supply

giving a combined output of -85v.
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165-4C Power Supply

Dwg. #D16554C
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MAGNETIC CORES

1. GENERAL

A component commonly used in digital data handling equipment is a magnetic core. The

term magnetic core is usually applied to a emall torroid composed of magnetic material

which has. high permeability and also high retention. This material will have what is called
a square h);ateresis loop, shown in Point A, Figure MN-1. Because of this square hysterle-
sis loop, there are two stable energy states, which make the cores adaptable to digital cir-
cuits. Magnetic cores are commonly used for shift registers, "and" gates, ''or' gates,

and other logic circuits, in addition to their use as blocking oscillator transformers,
2. THEORY OF OPERATION
2-1. GENERAL

a. The action of a magnetic core can best be described by referring to the drawing of the .
"hysteresis loop (Figure MN-1). The magnetomotive force, or ampere-turns, applied to the
winding of a core is mea.sure(i along the X axis. Magnetic flux density (gausses), or flux
lines per square centimeter, is being measured along the Y axis. Once a core has been
magnetized and had this magnetlzation reversed several times, the re1ationsh1p between

flux density and magnetomotive force isdescribed by the hysteresis loop in Figure MN=-1,

b. With no current going through any of the core windings, the flux density will be either
at point D or at point H, depending upon the direction in which the core has most recently
been saturated. If the core is assumed to be at point D on the hysteresis loop and ampere-
turns are apphed in the negative direction, the relatmnship between the flux density and the
magnetomotive force will follow the line DE. If additional ampere-turns are applied in the
negative direction, the core will goon to condition F, at which point saturationhas occurred'
and additional ampere-turns of magnetomotive force will result in only a minor increase in

flux level to point G.

c. If the current through the windings is now removed, the core will return to point H on
they hysteresis loop. Even though there are no ampere-turns, there is still a flux density

proportional to OH in the core. The characteristics of the core material are such that this
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Figure MN-1. Square Hysteresis Loop

flux density will remain indefinitely as though it were a permanent magnetic. If the direc~-
tion of current in the winding is reversed, positive ampere-turns are applied. This will
move the condition of the core from H to A and on to B, at which point the core is now satu-
rated in the positive diréction and additional ampere-turns of magnetomotive lforce will
cause very little change in flux density to point C. When the current in the coil is removed,

the core will now go from C to D, where it will remain indefinitely until driven again,

d. The net change in flux, when going from a negative quiescent state to plus saturation,
is proportional to HJ. It shoul_d be noted that other windings on the magnetic core will sense
this change in flux and will generate a voltage proportional to the number of turns and the
rate of change of flux. Figure MN-2 shows a simple magnetic core with three windings on
it. If poéitive'ampere-turns are then applied to winding No. 1, the core condition effective-
ly goes from D to B. Since the hysteresis loop is very square, the change in flux during
this time (proportional to DJ) is very small when compared to HJ. As a result, the voltage

generated in coil No. 2 will be very small at this time.

e. If negative ampere-turns are again applied so that the core goes from D to E to F, the .
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Figure MN-2, Simple Magnetic Core

change in flux will be proportional to DL. The voltage generated in winding No. 2 will now
be equal in magnitude, but opposite in polarity, to the voltage generated in that winding
when the core went from H to B. These pulses can be separated with diodes and used for
different purposes in logic circuits. The two stable states, D and H, are referred to as

the "'0" state and the '""1'' state respectively.

2-2. MNI11 MAGNETIC CORE

a. A Milgo MNI11 magnetic core has four windings and associated components designed
specifically for shift register application (Figure MN-3). Pin 7 is connected to a ~25v sup~
ply. The core driyeApu.lse, applied to pin 1, travels from -25v to approximately zero volts
and return, with a rise time no greater than 5 microseconds and a fall time no greater than
10 microseconds. The pulse width must be at least 10 microseconds at 50 percent of meas-

ured points, but is normally approximately 40 microseconds wide.

b. This positive going pulse applied to pin 1 results in amperé-turnu driving the core be-
yond positive saturation (Point C in Figure MN-1). When the core drive pulse has passed,
the core is left in state D, which is defined as "O' state. The voltage at pin 8 is normally
maintained at -25v but is raised to appro:dmately -16v to insert a "1" into the core. It can
be seen that the current in the input winding, as a result of a positive going pulse applied to
pin 8, will magnetize the core in an opposite direction to that of the drive pulse. The state
of the core will go from D to G on the hysteresis loop (Figure MN-1), ahd when the input

pulse is passed, the core remains at H, which is defined as a "1" state.

c. When the next drive pulse occurs, the flux will travel from point H to Point C, and
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transformer action of the core and windings wil} result in a positive pulse being generated
at the dot end of all four windings. This positive pulse will be approximately 9v in magni-
tude with a rise time of approximately 6 microseconds. Once the core has gone from nega-
tive saturation to positive saturation, there will be no more flux change even though the
drive pulse is still present, and no additional voltage is generated in the windings. This
switching time, which takes place‘in approximately 6 microseconds, determines the width

of the pulse generated by the windings.

d. The 9v pulse generated in the advance winding causes dio>de CR3 to conduct, and will
charge capacitor C3 to approximately -16v. After the core has switched to positive satura-
tion, the voltage at pin 6 will revert to -25v. Diode CR3, however, prevents capacitor C3
from discharging through the advance winding, so the charge is held on C3 until it discharges

through an external load.

e. During a core drive pulse, the voltage at pin 2 jumps from -25v to approximately zero
volts because of the IR drop in R1 caused by the shift current. With pin 2 at approximately
zero volts, ‘diode CR2 will be reverse biased and no current can flow from pin 8 through CR2
and the input winding. After the core drive pulse has passed, the -16v charge on one CR3
can now discharge through CR2 and the input windings of the next core, driving it to the "1"
state. A '"1" can be inserted by raising pin 8 to -21v, or more positive. It should be pointed
out that a '"1'" can also be inserted through pin 3, or by applying a pulse to pin 5, which be-
comes approximately 8v positive with respect to pin 4. If there is no "'1" inserted between
core drive pulses, the next core drive pulse will drive the core from point D to point C on
the hysteresis loop, resulting in a very small change in flux density. This will result in a
very small voltage being generated in the windings (approximately 0.5v), giving a signal-to-

noise ratio of approximately 18 to 1.

f. It should be noted that energy transferred to a load while shifting out a ''1"' comes from
the core driver and not from the core. The energy in the core merely allows energy to be
transferred to the output winding while the core is acting as a transformer. The Milgo MN11

operates equally well on a power supply voltage of -20v instead of -25v as described.
2-3. SHIFT REGISTERS

a. When connected to form a shift register, MN11 cores are connected as shown in Figure
MN-3, If a positive going pulse is applied to pin 8 of the first core, a "1" will be inserted
into that core. During the next core drive pulse, all of the cores will be pulsed simultane-

ously, since they are connected in parallel. The resultant 9v pulse from the advance winding
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of the first core will charge the capacitor in the first core to approximately -16v, When
the first core has switched from minus saturation to plus saturation, there will no longer
be any voltage generated in the advance winding, CR3 of the first core will prevent the
capacitor from discharging through the advance winding, however, and CR2 in the second
core prevents this capacitor from discharging through the input winding of the second core,
CR2 is reverse biased because of the IR drop in the resistor of the second core caused by

the shift current.

g. When the shift pulse has passed, the pin 2 voltage of the second core will go back to

-25v and the capacitor in the first core may now discharge through the input winding of the
second core. The resultant current through the input winding is sufficient to drive the second
core from point D to point G on the saturation curve, so that when G3 is completely dis-
‘charged, the second core will be in a "1" state. While this second core was being switched
from plus saturation to minus saturation, flux linkages were changing in all of the windings
of this core, with the result that a voltage was generated in all of these coils with the dot end
of the winding negative. Diode CR1 will prevent any current flow in the drive winding as a
result of the generated voltage, and the diode CR3 will prevent any current flow in the ad-

vance winding as a result of this generated voltage.

h. During the next core drive pulse, core 2 is switched from minus saturation to plus
saturation, resulting in the output capacitor of the second core being charged. After the
second core drive pulse, the discharge current from this capacitor will insert a '""1" into
the third core and so on to the last one. Since both ends of the auxiliary winding are brought
out, the auxiliary winding may be used to generate either a positive géing or negative going
9v pulse. This auxiliary pulse will be approximately 9v in magnitude, with a rise time of
8ix microseconds and a fall time of approximately one half microsecond. In addition, the
auxiliary winding can be used to insert "1's" into the core by applying a suitable positive
pulse to pin 5 or a suitable negative pulse to pin 4. Pins 2, 3, and 6 are brought out for

additional flexibility in adapting the MN11 core to logic circuits.
2-4. BLOCKING OSCILLATORS

a. The use of transformers for blocking oscillators is common and widely understood. It
is also possible to use a square loop magnetic core as a blocking oscillator transformer
with some desirable results in control of pulse width. . Figure MN-4 shows the connections

of either an MN12 or an MN13 as used in a blocking oscillator.
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Figure MN-4. Blocking Oscillator (MN12 or MN13)

b. The: 9-1'windihg is the collector winding and could be compared to the primary winding
of a transformer. The 2-3 winding is the feedback winding and could be compared to the
secondary winding of a transformer. The 4-5 winding is the reset winding and has no coun~
terpart in a conventional transformer. The reset winding is so connected that the current
through the reset winding will drive the core into negative saturation. The transistor will
normally be cut off, but when triggered by a negative pulse at the input, will go into con-
duction. The resulting collector current applies positive ampere-turns to the core and the
flux moves from H toward A and B. The resulting flux change in the core is sensed by the
feedback winding and a voltage is generated, making pin 3 negative. This negative going
voltage is applied to the base of the transistor and drives the transistor into heavier con-

duction.

c. As the transistor conducts more heavily, the rate of change of flux increases, resulting
in an even more negative voltage being applied to the base of the transistor. This feedback
very quickly saturates the transistor (approximately one microsecond), but the collector
current is limited by resistor R2 and the voltage generated in the collector winding of the

core. As long as the core ie still in the process of switching from minus saturation to plus
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saturation, the core and its windings act as a transformer and the feedback winding conti-
nues to drive the transistor into saturation, When the core has finally reached saturation
(B on hysteresis curve, Figure MN-1), additional ampere-turns from the collector winding
will no longer result in a change of flux and no additional voltage will be generated in the
feedback winding. This removes the drive to the transistor, which i;nmediately cuts off,

removing the ampere-turns from the collector winding.

d. Current through resistor R3 and the reset winding now starts to apply ampere-~turns in
- the negative direction again and drives the core from position D to F. This results in a re-
versal of flux in the core, which reverses the voltage generated in the feedback winding,
Pin 3 now becomes slightly positive, insuring a rapid cutoff of the transistor. Since the
duration of the output pulse depends on the time it takes to switch the magnetic core,‘ the
pulse width depends on the core used and is relatively indel:;endent of the load on the block-

ing oscillator,

e. Two blocking oscillator cores are used in Milgo equipment: an MNI12 and an MN13.
The MN’IZ will cause a pulse approximately 10 microseconds wide to be generéted by the
blocking oscillator, while the MN13 will cause a pulse approximately 40 microseconds wide
to be generated. It takes approximately 30 microseconds to reset an MN12 core and approx-

imately 80 microseconds to reset an MN13 core.
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| TN 28
RELAY DRIVING FLIP-FLOP

A TN28 is a° bis{able flip-flop which can be used for driving a relay coil or other
loads of 500 ohms or more. The external load (shown on the schematic diagram in phantom
between pins 8 and 1) is a special network used in conjunction with a 350 ohm relay coil
which has permanent magnet bias and requires plus and minus currents for optimum oper-
ation. The network is normally defined as being in the "off" or "0" condition when tran-
sistor Ql is saturated and Q2 is cut off, leaving the relay de-energized. The "on'" or "1"
condition is the opposite, with Q1 cut off and Q2 saturated, causing the relay to energize.
Assuming that Q1 is saturated, then its collector is approximately -0.25 volts, Resistors
R4 and R5 are then connected from +15 volts to 0 volts and by divider action hold the
base of QZ at approximately +3.5 volts. Since the emitter at Q2 is at 0 volts, this re-
verse bias keeps Q2 cut off. With Q1 saturated, its base is at approximately -, 05 volts; so
the current through resistor R1 is approximately 0.25 milliamps. The current throngh the
series combination of R2 and the external load resistor, which may very from 500 ohms to
5K, varies from 0.53 to 0. 48 mil‘liamps. The difference between the currents in Rl and R2
is the base current of Ql, which is sufficient to drive Ql to saturation. This satisfies the
original condition, so this condition is a stable one. The input voltages at pins 3, 6 and 7
must be somewhat negative during quiescent conditions. The flip-flop may be turned "on"
by raising the voltage at pin 3 to a positive value so that diode CR1 conducts, raising the
base voltage of Ql to a positive value. Note that the input pulse will be loaded somewhat,
so it cannot be generated by a high impedance source. With the base of Ql positive, Ql is
now reverse biased and cut off. With Q1 cut off, R4 and R5 are no longer connected bet-
ween 0 and +15 volts, and Q2 is no longer clampéd off. Instead, Q2 base current may
now flow through resisizors R5 and R3 .causing Q2 to saturate. Now resistors Rl and RZ
are connected frorn +15 to' 0 volts and hold the base of Ql at approximately +6 volts,
keeping Ql in a cut off condltlon after the input pulse passes. This, then, is the other stable
ondition which will be maintained until Q2 is cut off by a positive pulse at either pin 6 or
pPin 7. A positive pulse at either of these pins turas Q2 off, allowing basé current from Qi
to be conducted through R2 and the external load, driving Q1 back into saturation and re-
storing the initial condition, Diode CR2 is included to suppress the voltage of an external
relay coil connected across inns 8 and 1. As Q2 goes from saturation to cutoff, the relay
coil is de-enérgized. However, the inductance of the relay coil attempts to maintain the
current through the relay coil by driving the voltage at pin 8 much more negative than the
-26 volt supply. If this were allowed to happen, Q2 could be damaged by excessive emitter-
collector voltage. To prevent this from happening, diode CR2 is added. During most
phases of the cycle, CR2 is reverse biased and so does not enter into the operation of the
circuit, When the relay is de-energized and pin 8 is driven negative by the relay inductance,

CR2 is forward biased and conducts, providing a path for current through the relay coil
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and eliminating the voltage spike. Although the description of operation of this network has
been based on voltagesof +15 volts and -25 volts, this network will operate equally on volt- ‘
ages of +12 volts and -20 volts or +10 volts and -15 volts,
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TN 57
DUAL PULSE AMPLIFIER

The TN57 contains two PNP transistors connected as two independent conventional amplifiers,
Only one of these will be discussed since the other is identical to it. As normally used, a
supply voltage is connected to pins 3 and 1.with the plus side on pin 3, Pin 2 will be the input
and pin 4 the output, As long as pin 2 is more positive than pin 3 the transistor is. cut off
and the voltage at pin 4 will be the same as the voltage at pin 1. When pin 2 is approximately
0.5 volts negative with respect to pin 3 the transistor will saturate and the voltage at pin 4 will

go positive until it saturates, approximately 0. 25 volts more negative than the emitter. Caution

‘must be used to connect an external base resistor in series with pin 3 to prevent damage to

the transistor., The value of the external base resistor is dépendent upon how negative the
driving voltage goes and upon the external load that is connected to pin 4, To insure saturation

the base current should be at least 1/20th of the collector current.

The TN57 may also be used in a variety of applications by the addition of external

components,
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TN 58
DUAL EMITTER FOLLOWER

A TNS58 consists of two NPN transistors connected as independent emitter followers, .Ag
normally used, a supply voltage is connected to Pins 4 and 1 with the plus side on pin 4. As
the voltage at pin 2 is varied, between the voltages at pins 4 and 1, the transistor will conduct
and the voltage at the emitter, pin 3, will be approximately 0.4 volts more negative than the
voltage at pin 2. Because of the power gain of the transistor a lower impedance load can be

driven from pin 3 than could have been driven from the signal applied to pin 2.

The TN58 may also be used in a variety of applications by the addition of external com-

ponents,
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TN 79
RELAY DRIVING FLIP-FLOP

A TN79 is a bistable flip-flop which can be used for driving a relay coil {(or other load)
of 200 ohms or more. The external load is connected between pins 8 and 1. The network is
normally said to be in the "Off" condition when transistor Ql is saturated and Q2 is cut off,
leaving the relay de-energized. The "On'", or "1", condition is the opposite, with Q1 cut off

and Q2 saturated, causing the relay to energize.i

If we assume that Ql is saturated, then its collector is at approximately -0, 25 volts,
Resistors R4 and R5 are then connected from +15 volts to. 0 volts and by divider action hold )
the base of Q2 at approxlmately +3.5 volts. Since the emitter of QZ is at 0 volts, this reverse
bias keeps Q2 cut off. With Ql saturated, its base will be at approximétely -0.5 volts, and
the current through resistor Rl is approximately 0.25 ma. The current t i
combination of R2 and the external load resistor, which may vary from 300 ohms to 3K, will
vary from 0.93 to 0.85 ma. The difference between the currents in Rl and in R2 is the base
current of Ql, which is sufficient to drive Ql to saturation. This satisfies the original con-

dition; therefore, that condition is a stable one.

The input voltages at pins 3, 6, and 7 must be negative during quiescent conditions, The
flip-flop may be turned "On'" by raising the voltage at pin 3 to a positive value so the diode
CR1 conducts, raising the base voltage of Ql to a positive value. The input pulse will be .
loaded slightly and cannot be generated by a high impedance source. With the base of Q1
positive, Ql is now reverse biased and cut off. With Ql cut off, R4 and R5 are no longer,
connected between 0 and +15 volts, and Q2 is no longer clamped off. Instead, Q2 base current
may now flow through resistors R5 and R3, causing Q2 to saturate. Resistors Rl and R2 are
now connected from +15 volts to 0 volts, and hold the base of Q1 at approximately +4.5 volts,
keeping QI in a cut off condition after the input pulses pass. This is the other stable con-
dition which will be maintained until Q2 is cut off by a positive pulse at either pin 6 or pin 7.
A positive pulse at either of these pins turns Q2 off, allowing base current from Q1 to be

conducted through R2 and the external load, driving Ql back into saturation and restoring

the initial condition.

Diode CRZ is included to suppress the external relay coil connected across pins 8 and 1,
As Q2 goes from saturation to cut off, the relay coil is de-energized. However, the
inductance in the relay coil attempts to maintain the current through the coil by driving the
voltage at pin 8 much more negative than the -26 volt supply. If this were allowed to happen,
Q2 could be damaged by excessive emitter-collector voltage. To prevent this, diode CR2
is added. Durihg most phases of the cycle, CR2 is reverse biased and does not enter into

the operation of the circuit. When the relay is de-energized and pin 8 is driven negativ'e by
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the relay inductance, CR2 is [urward biased and conducts, providing a path for current

through the relay coil and eliminating the voltage spike. This network will operate on a

lower supply voltage, such as +12 volts and -20 volts,
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TN 90B
BALANCED FLIP-FLOP AND DIVIDER

The TN90B is a bistable balanced flip-flop. An auxiliary input (pin 3) allows the
network to be used as a divider in a counter.

The network is defined as being in the "0' state when Ql is saturated and Q2 is
off and in the "1'" state when the reverse is true. Assume that Ql is saturated (0" state)
then the collector voltage of Ql will be approximately 0 volts and resistor divider, R1
and R7, will maintain approximately +3.5 volts of reverse bias on the base of Q2, keep-
ing it cut off. With Q2 cut off, resistors R3 and R6 will provide a path for Ql base cur-
rent, clamping Ql in saturation. This condition is stable and will not be changed until
an input is received on pin 3 orpin 6, Pin 6 is in ""1" input, in that a positive pulse above
0 volts at pin 6 will cause CR3 to conduct, thus driving the base of Ql positive above 0
volts, reverse biasing Ql, subsequently cutting Q1 off. As QI is cut off its collector will
go negative and due to the resistor divider, R1 and R7, the base of Q2 will go negative.

As the base of Q2 goes negative, Q2 will go into saturation. As Q2 saturates, its collector
will go positive and due to the resistor divider of R2 and R3 the base of Ql will be reverse
biased at approximately +3.5 volts, keeping Ql cut off, after the input pulse has passed.
The network will remain in the "1' state until reset by a positive pulse on pin 7 or trig~
gered from a pulse on pin 3, the counting input. If a positive pulse is applied on pin 3
through an external capacitor for differentiation, both Ql and Q2 will be cut off. Capaci-
tors Cl and C2 retain charges which are dependent upon which one of the transistors was
saturated before the input pulse occurred. Since the input pulse is differentiated by a small
input capacitor, it will last a very short time, less than one microsecond. At this point,
the internal capacitors Cl and C2 take over, turning on the transistor that had previously
been off. For example; assume the network is the "1' state, therefore Ql is cut off and Q2
is saturated. The voltage across Cl will be approximately 3.5 volts and across C2 will be
approximately 26 volts. When pin 3 goes positive above 0 volts, both bases will be driven
positive, cutting the transistors off. The collector of Q2 starts to go negative from 0 volts
to =23 volts. Since this occurs almost instantaneously and Cl has been charged only 3.5
volts the base of Ql will go negative, turning Q1 on. As Ql is turned on, Q2 is held cut
off and we are now in the 0" state as explained previously. Note, since the collector of
Ql was at -23 volts before the pulse occurred on pin 3 and there wasn't any change of col-
lector voltage when the pulse did occur. The base of Q2 would not experience any change
through C2. The output pins of the network are 5 and 8, When the network is in the "O"
state pin 5 will be at 0 volts and pin 8 will be approximately -23 volts and the reverse is
true when the network is in the "1' state, Although the description of operation has been
based on voltages of +15 volts and -25 volts this network will operate equally on voltages
of +12 volts and =20 volts or +10 volts and =15 volts.



O

<
R 2
AVAYAY
47K
%M
7K

¢ +15V
s v
>Mm -
Z < QL RS e
d 1 *~ | (OAVA
2Z i |
} - <—1E—J— 3 I
R 2 = © m; Ql Q2
(@)
O o+ E E
cR3 ! cRe4qg
Y ©—H— ’ .é@) ( &
h'd
} SET ON ~l198 n o S N—-E"gx %Er?r-‘ET
UTV 0TS0
@ ) J
| I -G
OuTPUT
| B
X x ! OL@PUT
' v nn Yox
CR|-CR4A- TI2G —25V
QRIEQ2 -~ 2N3lo
Schematic,

T

TN90B Balanced Flip-Flep and Divider

Dwg. #A 103S90B

Page 2 of 2



TN 111
ONE-SHOT (MONOSTABLE MULTIVIBRATOR)

The TNL11 is a one-shot (monostable multivibrator) used for generating a pulse
‘which can be varied from a mi-nimum of one microsecond to well over 200 microseconds. In the
quiescent condition, transistor Ql is saturated by the base current through resistor R3,
Since transistor Q1 is saturated, voltage divider R7 and R8 is connected between +15 volts

and zero volts, establishing a reverse bias voltage on the Q2 base and keeping Q2 cut off.

Resistors Rl and R2 form a woltage divider, establishing a noise bias of approximately
-2.5 volts, so that normal input moise will not trigger the network, A positive pulse of not
less than 10 volts, with a rise timye mot greater than 0.5 microseconds, will trigger the net-
work by cutting off transistor Ql. Transistor Ql is cut off when the input pulse raises the
base voltage of transistor Q1 above zero volts. Capacitor Cl is used to differentiate the in-

put pulse so that a long duration input pulse will not affect the length of the output pulse,

With Q1 cut off, resistors R4 and R7 provide a path for the base current of transistor
Q2, and Q2 saturates, The collector voltage of transistor Q2 will rise from -25 volts to
almost zero volts. This rise in voltage is coupled to the base of transistor Ql through
capacitor C2, keeping transistor Q1 at cutoff until the R-C time of capacitor C2 and resistor
R3 allows the base voltage of transistor Ql to return to less than zero volts, QI saturates

again and cuts off Q2.

This time can be lengthened by adding capacitance in parallel with capacitor C2, The
terminals of C2 are brought out on pins 6 and 8 of the network. CR2 is used to decrease
the fall txme of the output pulse by preventing C2 from discharging through R6. Resistor R5
provides a dc path for the current of C2. This network will operatepnilower power supply

voltages, such as +12 and -20 volts, or +10 and ~15 volts,
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TN 130B
CORE DRIVER

The TN130B is a blocking oscillator with amplifier which generates a positive going
pulse from -20 volts to 0 volts, with a time duration determined by the core with which it is
used. The TN130B is normally used with a MEC Model MN13 core, which gives it a pulse

width of approximately 40 mlcroseconds.

In the quiescent condition, transistor Ql is maintained in cut off. The emitter voltage
of Ql is determined by the forward voltage drop of diodes CR2 and CR4 (1,5 volts) and is at
approximately -18.5 volts, The base of QI is returned to -20 volts through R2 and the
feedback winding of the core, connected from pin 5 to -20 volts. The d-c impedance of the
feedback winding is approximately 5 ohns; thus the base of Ql is nearly -20 volts, keeping
Q1 reverse biased approximately 0.7 volts and properly cut off, Since there is no Q1 col-

lector current, the collector voltage is+12 volts.

A positive going input pulse at pin 3 is coupled by capacitor Cl, diode CR1, and
capacitor C2, paralleled with R2 to the base of Q1. This pulse starts Q1 conducting. The
resulting Q1 col]éctor current passes through the collector winding of the external core,
This generates a voltage acroés the collector winding coupled through the core to the feed-
back winding. By noting the phasing of the windings on the core, it can be seen that, as the
collector voltage becomes negative, the voltage at pin 5 is becoming positive. This in turn
drives Ql further into conduction,. even after the input pulse has been differentiated by C1.
Q1 saturates in approximately one microsecond with an emitter-collector voltage of approxi-
mately 0.25 volts. Ql will remain saturated as long as transformer action in the core’
continues to drive pin 5 of the TN network sufficiently positive to cause Q1 base current to
flow. The pulse width (approximately 40 microseconds for an MN13 core) is determined by

the characteristics of the core.

When the core material finally reaches saturation, transformer action in the core will
cease, the feedback winding will no longer drive pin 5 positive, and Q1 base current will
stop. This cuts off Q1. With no current in the collector winding of the core, the current
in the reset winding resets the core., This reset current is furnished to the reset winding
(pins 4 and 5 of the core) through resistor R4 and diodes CR2 and CR4. This involves going
from the plus saturation condition attained during the output pulse to a minus saturation
condition (reset). During this time, the voltages at the feedback winding and the collector
winding are reversed. The reversal of a voltage at the feedback winding increases the re-
verse bias on Ql. The reversal of voltage in the collector winding tends to drive the output
voltage somewhat more positive than the +12 volts on pin 7. It takes approximately 30

microseconds for the reset action to be accomplished.
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The amplifier section Q2 is normally biased to cutoff by voltage divider R7 and Ré,
With no collector current flowing, the quiescent collector voltage of Q2 is -20 volts, The
negative going pulse generated by the blocking oscillator section is coupled to the amplifier
base through CR3, R5, and C3. The diode provides for rapid cut off of the amplifier, there-
by minimizing the fall time., RS5 and C3 serve as base current limiting and rise time deter-
minants, The load is connected between -20 volts and 0 volts and should be limited to no

less than 8 ohms (20 to 24 MN11 cores).
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TN 138
ONE-SHOT WITH EMITTER FOLLOWER OUTPUT

The TN-138 is a monostable flip-flop used for generating a pulse which can be varied
in width from a minimum of 2 microseconds to over 200 microseconds. In quiescent con-
dition, transistor QI is saturated by the base current through resistor R3. Since Ql is
saturated, voltage divider resistors R7 and R$ are connected between +15 volts and 0 volts,
establishing a positive bias voltage on the base of transistor QZ, and keeping Q2 cut off.
Resistors Rl and R2 form a voltage divider, establishing a noise bias of approximately

-2.5 volts, so that normal input noise does not trigger the network.

A positive pulse of not less than 10 volts, with a rise time not greater than 1 micro-
second, will trigger the network by cutting off Q1. Transistor Q1 is cut off when the input
pulse raises the base voltage above 0 volts. Capacitor Cl1 is used to differentiate the input

pulse so that a long duration pulse will not affect the length of the output pulse.

With Q1 cut off, resistors R4 and R7 provide a path for the base current of Q2, and
Q2 saturates. The collector voltage of Q2 will rise from -25 volts to nearly O volts. This
rise of voltage is coupled to the base of Ql through capacitor C2, keeping Ql at cut-off
until the R-C time of C2 and resistor R3 allows the base voltage of QI to return to less
than 0 volts. Transistor Ql now saturates again and cuts off Q2. This time can be length~

ened by adding capacitance in parallel with C2.

The terminals of C2 are brought out on pins 6 and 8 of the network. Diode CR2 is
used to decrease the fall time of the output pulse by preventing C2 from discharging through
resistor R6. Resistor R5 provides a dc path for current of C2. Transistor Q3 is the

emitter follower which will drive a load of 200 ohms.
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TN 144
FLIP-FLOP WITH PULSE AMPLIFIER OUTPUT

A TNl44 is a bistable flip-flop with a pulse amplifier dutput which can be used to
drive a load of 85 ohms or more, Since most flip-flops are limited to the amount of
loading, which affects the switching of the flip-flop, a pulse amplifier has been added to
permit greater loads. A transistorized neon indicator may be connected in parallel with
the load to indicate the states of the flip-flop. The network is normally defined as being
in the "'0" state when transistor Ql is saturated and Q2 and Q3 are cut off, The "1" state
is the condition when Q1 is cut off and Q2 and Q3 are saturated. Assuming that Ql is
‘saturated (''0" state), then its collector is at approximately -0, 25 volt. Resistors R7 and
Ré6 are then connected from +12 volts to 0 volts, and by divider action hold the base of Q2
at approximately +1.8 volts, Since the emitter of Q2 is at 0 volts, this reverse bias keeps
Q2 cut off, With Q1 saturated, its base is at approximately -0,5 volt, so the current
through resistor Rl is appruximately 0,2 miliiamps. Since Q2 is cut off, its coliector is
at approximately -19 volts, and the current through R2 and R4 is therefore 0,4 milliampé.
The difference hetween the currents in Rl and R2 is the base current of Q1l, which is suf-
ficient to clamp Q1 in saturation, This mode of operation is therefore stable. Q3 is cut
off when Q2 is cut off, since the base of Q3 is at -19 volts, reverse biasing the emitter,
Since Q3 is cut off, there is no collector current (except for leakage) and pin 8 is at ap-
proximately 0 volts. The input voltages at pins 3 and 5 must be somewhat negative during
quiescent conditions. The flip-flop may be triggered to the ''1'" state by raising the voltage
at pin 3 to a positive value so that diode CR1 conducts, thus raising the base voltage of Q1
to a positive value. Note that the input pulse will be loaded somewhat, so it cannot be gene-
rated by a high impedance source. With the base of Q1 positive, QI is now reverse biased
and cuts off, With Q1 cut off, R7 and Ré are no longer connected between the +12 volts
and 0 volts, and Q2 is no longer clamped off. Instead, base current of Q2 may now flow
through resistors Ré and R3, cuasing Q2 to saturate, Now resistors Rl and R2 are con-
nected from +12 volts to 0 volts, and clamp the base of Ql at approximately +5 volts,
holding Q1 in a cut off condition after the input pulse passes. As Q2 is saturated and its
collector goes positive, the base of Q3 goes positive enough to allow Q3 to saturate. RS
limits the base current of Q3. As Q3 saturates, pin 8 (the output pin) goes negative to ap-
proximately -17 volts., R8 is the collector load resistor of Q3, to furnish a minimum
collector current when there is no external load from pin 8 of the network to 0 volts, This
is the other stable condition which will be maintained until Q2 is cut off by a positive pulse
on pin 5. A positive pulse (normally called reset) on pin 5 will allow base current from
Q1 to be conducted through R2 and R4, driving QI back into saturation and restoring the
initial condition. Diode CR3 is included to suppress the inductive effects of an external
relay coil (if used) connected acrosspins 8 and 2. As Q3 goes from saturation to cut off,

the relay coil is de-energized. Hopwever, the inductance of the relay coil attempts to
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maintain the current through it by driving the voltage at pin 8 much more positive than 0
volts, If this were allowed to happen, Q2 could be damaged by the excessive collector-
emitter voltage., During most phases of the cycle, CR3 is reverse biased; consequently,

it does not enter into the operation of the circuit, When the relay is de-energized and pin 8
is driven positive by the relay inductance, CR3 is forward biased and conducts, providing
a path for the current through the relay coil and eliminating the excessive transient voltage
to appear on the collector of Q3.
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TN 150
SCHMITT TRIGGER

TN150 is a Schmitt trigger preceded by an emitter follower which presents an input
impedance at approximately 70, 000 ohms at pin 3, The circuit switches rapidly (in approxi-
mately 0.3 microseconds) from one state to the other with either a pulse or DC level change
on pin 3 input. With the input disconnected or at a positive level, Ql and Q2 are cut off and

Q3 is conducting,

Q1 is cut off by R8 returning the base of Q1 to a more positive voltage than the emit-
ter, and Q2 is cut off by Rl returning the base of Q2 to a more positive voltage. than the
emitter of Q2, The emitter of Q2 and Q3 are at a negafive voltage -E2 developed by the
~current flow through R3, Q3 and R7. Q3 is conducting because the base is forward biased by

the resistor divider R2, R5 and R6, since Q2 is cut off. When the input, pin 3, is taken to a
negative voltage, Ql is turned on, which makes the emitter of Q1 go negative {-25 volis).
This will forward bias Q2, causing it to conduct, When Q2 is conducting, the base voltage
of Q3 is raised to a more positive value through the emitter voltage, thus reversing the bias
on Q3 and cutting it off. This causes the collector voltage of Q3 to go from -25 volts to ap-
proximately -3 volts. Cl is used to speed up the switching time. The outputs, pin 7 and
pin 5, are opposite polarity pulses from -25 volts to -3 volts. When the output is removed

or goes positive, the circuit is returned to the original state.

Although the description of operation has been based on power supply voltages of -25

volts, this network will operate equally well on supply voltages down to ~10 volts,
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